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FOREWORD 

This NASTRAN User's Guide was prepared by Universal Analytics, 
Inc. (UAI) under Subcontract No. L.S.-2977-A3 with McDonnell 
Douglas Astronautics Company-West (MDAC) under their Contract 
NASI-6024 with .Nat·ional Aeronautics· and Space Administration, 
Langley Research Center; Hampton; Virgiid.ao Dr. E. I. Field of 
UAI served as Program Manager with Messrs. D. Herting, S. E. 
Johnson, and K. E. Pauley contributing significantly to the 
program. This work was administered under the direction of 
MDAC with Mr. H. Adam as the contract monitor. Mr. Ho Adelman 
of the NASTRAN Systems Management Office and Oro E. Stanton 
of MDAC served as technical monitors o 

The User's Guide is designed to'assist the current and potential 
users of NASTRAN to make better use of the program's capabilities. 
The User's Guide is organized so as to present the many options 
available in the logical sequence in which the input data would 
be prepared. These options are briefly described and tabulated 
according to purpose to help the user select the·alternative 
best suited to his needs. References are given for-pointing to 
the location in the standard documentation where detail descrip­
tions may be found. The User's Guide also contains many examples 
illustrating typical applications of NASTRAN modeling and control 
features which may be used as guides to input data preparation. 

The User's Guide is not intended to represent the full detail of 
NASTRAN's capabilities. NASTRAN provides such a flexible array 
of analytical options, the user will find unending combinations 
of alternatives. As the user becomes familiar and comfortable 
with the use of NASTRAN, he will want to use the more sophisti­
cated features of NASTRAN. The User's Guide will serve to help 
direct these users to effectively apply ~heir imagination and 
analytical abilities. However, to keep the volume of this Guide 
within manageable proportions, the user is expected and encour­
aged to make full use of the references provided to the three 
standard NASTRAN manuals. 
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1. INTRODUCTION 

The User's Guide is designed to' assist the current and potential .. ~sers of 
NASTRAN (NASA STRuctural ANalysis) to make full use of the program's capa­
bilities. NASTRAN is intended to serve the engineering community by bring­
ing together the best features of the state of the art into a single program 
for the analysis of large ana complex structure~. Though it does not yet 
satisfy every requirement, it forms a comprehensive framework for the devel-

~ 

opment of a common base for such work. 

Three technical manuals serve to document the NASTRAN program. The Theoretical 
Manual presents a topic by topic discourse on the theory, assumptions and 
methods of analysis for those interested in 'the background of NASTRAN. The 
User's Manual is an excellent reference document devoted to describing those 
items related to the use of NASTRAN that are independent of the computing 
system being used. The third document is the Programmer's Manual which de­
scribes the details of the program, its organization, its file structure and 
its implementation on each of the three computer systems, IBM 360/370, UNIVAC 
1100 Series and CDC 6000 Series for which NASA maintains NASTRAN. 

Each of these three manuals provide a wealth of information useful to the 
understanding, use and development of NASTRAN. However, in that they were 
designed for reference purposes primarily, the organization of each does not 
readily lend itself to easy access except by experienced users and·programmers. 
The User's Guide, on the other hand, is organized so as to present the many 
options available in the logical sequence in which the input data would be 
prepared. These options are briefly described and tabulated according to 
purpose to help the user select the alternative best suited to his needs. 
References are given for pointing to the location in the standard documenta­
tion where detail descriptions may be found. The User's Guide also contains 
many examples illustrating typical applications of NASTRAN modeling and con­
trol features which may be used aR guides to input data preparation. 

The user is expected to be familiar with the rudiments of finite element structural 
analysis and to be aware of basic modeling concepts. The. Theoretical Manual, 
of course, can be referred ·to for a detail discussion of each of NASTRAN's 
analytical capabilities. The Guide will direct the user to the application 
of his knowledge and suggest extensions of it to new problem areas. The 
User's Manual defines 'all the input and control options, outlines the steps 
taken for each type of analysis, and summarizes the error messages which may 
then be issued by NASTRAN. For the sophisticated user, there is no substi-
tute for the understanding of NASTRAN's organization, of its controlling 
f\~ctions and of its data handling techniques which are fully described in 
thE;. Programmer's Manual. 

o 

The overall organization of the User's Guide begins with a review of N~STRAN 
design philosophy, specific instructions and suggestions on how to use the 
Guide, data descriptions for model and load definition and descriptions of 
the program control options. The description of these basic tools of NASTRAN 



is followed by examples and guidelines for the execution of each of the 
standard forms of· analysis available in NASTRAN and a summary review of the 
computer and plotter output that can be obtained with NASTRAN. The Guide 
then discusses some of the utility functions available for user convenience~ 
provides examples of machine-dependent card deck setup for execution of 
NASTRAN on the three major computer systems for which NASTRAN is maintained. 
This is followed by a reference table correlating the NASTRAN input options 
to the many examples· included in the Guide for illustration and explanation 
of their use. Finally, the last chapter describes the communication devices 
set up by the NASTRAN Systems Management Office (NSMO) to help keep the user 
up to date with the current developments and to share the experiences of 
other NASTRAN users. . 

The User's Guide is not intended to represent the full detail of NASTRAN's 
capabilities. NASTRAN provides such a flexible array of analyticalJoptions; 

. the user will find unending combinations of alternatives. As the user 
becomes familiar and comfortable with the use ofNASTRAN, he will want to 
use the more sophisticated features of NASTRAN. The User's Guide will serve 
to help direct these users to effectively apply their imagination and ana­
lytical abilities. However, to keep the volume of this Guide within manage­
able·proportions, the user is expected and encouraged to make full use of 
the references provided to the three standard NASTRAN manuals. 
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2. ORIENTATION TO NASTRAN' 

2.1 OVERVIEW 

NASTRAN is a finite element computer program for str~ctural analysis that is 
intended for general use. As such it must answer to a wide spectrum of re­
quirements. It is structured.to permit future modification and continued 
expansion to new problem areas. Its range of applications extend to almost 
every kind of structure and to almost every type of construction. Structural 
elements are provided for the specific representation of the more common 
types of construction, including rods, beams, solids, shear panels, plates, 
and shells of revolution. More general types. of construction are treated by 
pp.n:t1?~~at;iC?9:S of: ,these elements and by the use of "general" elements .. ··,' ~. 

NASTRAN provides input facilities to define static grid point force and dis­
placement and element thermal, pressure and deformation loadings. Dynamic 
grid point force loadings are specified in functional form with a wide vari­
ety of options available. Grid point constraints and nonstandard interele­
ment connectivities may be defined to satisfy nearly all possible complex 
modeling requirements. For ·sophisticated dynamic analyses, control systems; 
aerodynamic transfer functions, and other nonstructural features may also be 
incorporated into the analytical model. 

NASTRAN has been specifically designed to treat large problems with many 
degrees of freedom. The only limitations on problem size are those imposed 
by practical considerations of running time and by the ultimate capacity of 
auxiliary storage. devices. Computational procedures have been selected to 
provide rescnable efficiency for large problems," and particular attention 
has been given to processing with sparse matrices. Though NASTRAN is 
decidedly not constrained to in-core processing only, the more core memory 
that can be made available, the more efficient that processing will be. 

The needs of the structural analyst have been considered in all aspects of 
the design of the program. However, in view of the wide range of possible 
applications of the program now and in the future, not. all these needs could 
be anticipated in advance. For this reason, a high degree of flexibility 
and generality has been incorporated into certain areas of the program. For 
example, in addition to the usual list of structural elements that refer to 
specific· types of construction, the user is provided with more general ele­
ments that may be use~ to construct any type of special element, to represent 
part of a structure by deflection influence coefficients, or to represent 
part of a structure by its vibration modes. For the more conventional types 
of structural analysis, the user is presented with a large number of conven­
ience features, including plotting routines, which are definite necessities 
for large problems. 

A major difficulty that the user faces in the solution of large problems is 
the avoidance of errors in the preparation of input data. Card formats and 
card ordering are made as simple and flexible as possible in order to avoid 
errors caused by trivial violations of format rules. A number of aids such 
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as extensive plotter capability, grid point singularity tests~ and residual 
vector printout have been provided to help the user check the veracity of 
his model. A sophisticated checkpoint/restart capability is also provided 
to recover from data or system error conditions, to allow for examination of 
intermediate results, and to allow for retrieval of additional selective 
output following completion of the analysis. 

The following sections summarize the functional organization of NASTRAN and 
provide brief descriptions for each of the problem-solving capabilities of 
NASTRAN. These capabilities are all exemplified in Chapter 7, along with 
detailed explanations of the input data cards used. 

2.2 FUNCTIONAL ORGANIZATION 

The many analytical capabilities of NASTRAN may be categorized as follows: 

A. Standard NASTRAN Applications 

1. Linear Static Analysis 

2. Non-Linear Static Analysis 

a. Large Deflection and Stability 

b. Stress Dependent Material Properties 

3. Normal Modes Analysis 

4. Complex Eigenvalue Analysis 

5. Dynamic Response Analysis 

a. Frequency and Random Response 

b. Transient Response 

B. ,Special NASTRAN Capabilities 

1. Heat Transfer Analysis 

2. ' Hydroelastic Analysis 

3. Acoustic Cavity Analysis 

4. Substructure Analysis 

C. Direct Matrix Abstraction Programming 

"-Each' 'gerie'ral- problem- class -is further subdivided with regard to the type cif 
information desired, the environmental factors considered, or the method of 
analysis •. The mathematical computations required to solve problems are per­
formed by subprogram units called functional modules. Each type of analysis 
requires a distinct sequence of functional module calls that is scheduled by 
NASTRAN's own Executive System. For the standard applications, the sequence 
of module calls and hence the general method of solution is established inter­
nally according to a Rigid Format stored in the Executive System. This re­
lieves the user of a need to know and/or control each step. of an analysis. 
Execution of a structural problem proceeds in one run to final solution, or, 
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at the option of the user, to a desired intermediate point. Restart capa­
bilities are provided for both scheduled and unscheduleq interruptions in 
processing. 

For the special NASTRAN capabilities, these same Rigid Formats can be used 
with little or no modification. Special input data' features have been pro­
vided to facilitate the unusual modeling requirements imposed by the types 
of problems to be solved. In order to make these modifications, a flexible 
procedure has been provide~ in NASTRAN for these and other specialized user 
requirem~nts: 

All of the matrix operations (such as addition, multiplication, triangular 
decomposition, and eigenvalue extraction) used in the program can be directly 
controlled by the user through a system of'macro or DMAP instructions. DMAP 
is the acronym for the Direct Matrix Abstraction Program which, on each exe­
cution of NASTRAN, compiles the user-supplied DMAP instructions and generates 
the data required for the NASTRAN Executive System'to control the processing. 
These DMAP instructions allow the user to modify the existing Rigid Formats 
in order to change the processing sequence, to obtain printouts of selected 
data blocks, to provide for additional input which was generated by other 
programs, to output results to be used as input to other programs, and to 
construct entirely independent sequences of DMAP instructions to solve nearly 
any problem that can be formulated in matrix notation. 

2.3 STANDARD NASTRAN APPLICATIONS 

NASTRANcurrently offers twelve Rigid Formats which can be used to control 
the processing of standardized structur~l analyses. Though each of these 
twelve sequences of DMAP instructions may be altered by the user, the normal 
problem can be solved from beginning to end with no modification. Each 
Rigid Format treats a particular class of problems and has its own partic­
ular set of control parameters, 'output options and types of input data. Be­
cause of the inevitable problem of selecting an appropriate Rigid Format, 
the following sections offer guidelines to help the user select the approach 
or method of analysis best suited to his particular problem. Examples of 
the input data required for each type of analysis are presented in Chapter 7. 

2.3.1 Linear Static Analysis (Rigid Formats 1 and 2) 

The Linear Static Analyses provided by Rigid Formats 1 and 2 use most of the 
features available for model definition in NASTRAN. These include specifi­
cation of coordinate systems, grid point locations, element connectivities, 
material properties, constraints, and temperature distributions as well as 
direct grid point and element loadings. The results available for output 
consist of weight and balance information, displacements, grid point loadings, 
element forces and stresses and support reactions., The user may also request 
plots of the undeformed as well as the deformed structural model. 

Rigid,Format 2, which provides all the features of Rigid Format 1, also treats 
structural models which are not fully constrained. It computes the inertia 
effects of unconstrained rigid body accelerations. These effects are added 
to the user-specified loadings; the' rigid body motions are constrained; and 
then a normal static analysis is'performed. 
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2.3.2 'Nonlinear Static Analysis (Rigid Formats 4, 5 and 6) 

'NAS~RAN provides for two types of static nonlinearities, differential stiff-' 
ness ~md material plasticity. The differential stiffness effects treated 
by Rigid Formats 4 and 5 provide the user with a second order approximation 
to the nonlinear effects of large deflections. The applied loads are assumed 
to move with their points of applicat~on and they remain fixed in magnitude 
and direction. The "differential stiffness" matrix is computed as a correc­
tion to the original stiffness matrix from the work done by each element in 
response to a user-specified preload. Rigid Format 4 adds this matrix to . 
the original stiffness matrix in proportion to a user-specified increment 
of the preload. This new matrix is used in an independent static solution 
for the deflections due to the pr~load plus incremental load which is the 
total load applied to the model. 

Rigid Format 5 takes the "differential stiffness" matrix and, together with 
the original stiffness matrix, solves an eigenvalue problem to obtain the 
critical load factor that would produce buckling. This critical load factor, 
or the eigenvalue, multiplied into the preload vecto'r gives the critical 
loading at which the structure would go unstable. The eigenvector obtained 
is the mode shape in which the structure would buckle. 

Rigid Format 6, on the other hand, is used for problems involving non-linear 
materials. : That is, the material properties are assumed to be stress depend­
ent. The loading is applied in "piecewise linear" increments •. After each 
increment, a new stiffness matrix is generated based on the current state of 
stress in each element. This new matrix is used to solve for a corresponding 
increment of displacement and stress. These increments are accumulated to 
produce the final nonlinear results. Since each increment in load requires 
a new solution, the user is faced with the compromise between accuracy, which 
requires small increments, and efficiency, which suggests using the largest 
possible increments. All static load options are allowed except for those 
due to,temperature and enforced element displacements. 

2.3.3 Normal Modes Analysis (Rigid Format 3) 

Rigid Format 3' provides for a normal modes analysis of undamped systems with 
symmetric matrices. Note that Rigid Formats 7 and 10 are also available for 
extract~ng complex eigenvalues and vectors of damped systems with unsymmetric 
matrices. Rigid Format 3 generates both the mass and· stiffness matrices and 
offers a choice of, three methods for eigenvalue extraction. The Inverse 
Power and the Determinant methods are intended to be used if only a limited 
number of mode shapes are required within a user specified range of frequen­
cies. The Givens method of tridiagonalization is also available and is re­
commended if all or a large proportion of the natural frequencies and mode 
shapes are desired. A Guyan reduction, which is available in all Rigid 
Formats for eliminating specified degrees of freedom, is recommended for re­
ducing the size of the matrices to be used by the Givens method. The avail­
able output includes the resulting eigenvalues and natural frequencies, mode 
shape deflections, modal force.s and stresses for selected elements, modal 
reaction forces, modal mass and plots of the structural model for each mode 
shape. 
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.2.3.4 Complex Eigenvalue Analysis (Rigid Formats 7 and 10) 

Rigid Formats 7 and 10 offer the user 'the capability to compute the complex 
eigenvalue and vectors of non-conservative systems. These formats provide 
for a very general overview to the response of a system which includes user­
specified input of real or complex mass, damping and stiffness matrices. 
The assembled matrices may be real or complex, symmetric or nonsymmetric, 
singular or nonsingular. 

Two formulations are provided. The direct formulation of Rigid Format 7 
and the modal formulation of Rigid Format 10. The ,direct formulation pro­
vides for the most general description of a model which includes also pro­
gram generated viscous and structural damping. The unknowns are the degrees 
of freedom related to grid points, scalar points and. the special "extra" 
points which are used to specify special conditions as may be encountered 
in control systems and aerodynamics or hydrodynamics. 

The modal approach, in contrast, employs the free vibration modes of the un­
damped model as independent degrees of freedom to be assembled with the user­
specified direct input matrices,and "extra" point control parameters. Pro­
portional viscous damping on the modal coordinates is included. 

Th~ selection of approach depends on the particular problem to be solved and 
the number of roots to be extracted. The direct approach offers the greatest 
flexibility if only a few roots are desired. If many roots are to be ex­
tracted, the modal approach may be more economical. A summary of features is 
presented in the next section iIi'Table 2-1 to 'help the' user select the Rigid 
Format most suited to his needs. 

The available output includes frequencies and mode shape displacements, el~­
ment forces and stresses and support reactions. These may be printed in 
either S0RTI or S0RT2 in either reallimaginary or magnitude/phase angle 
format. S0RTI prints all the requested output for each frequency. S0RT2 
prints each component of output for all frequencies. 

2.3.5 QYnamic Response Analysis (Rigid Formats 8, 9, II and 12) 

The NASTRAN dynamic analysis Rigid Formats provide a maximum amount of flex­
ibility and capability at the possible expense of program efficie~cy. Rigid 
Formats 8 and 11 offer Frequency and Random Response capability and Rigid 
Formats 9 and 12 offer~r~nsient Analysis capability. Rigid Formats 8 and 9 
use a direct approach; the other two use a modal approach. Table 2-1 sum­
marizes the va.rious options available to help the user select the Rigid For­
mat best suited to his particular problem. 

These capabilities can be used to solve problems with thousands of degrees 
of freedom, with many time steps or frequencies ~nd mode shapes. Much effort 
has b.een expended to allow for many types of special modeling problems. The 
user, however, must beware that each ti~e step, etc., could cost the equiva­
lent of one static analysis solution. Every effort should be made to reduce 
the size of the problem either by careful design of the original model- or by 
using the Guyan method to reduce the total degrees of freedom. The user 
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TABLE 2-1. SUMMARY OF ANALYSIS OPTIONS FOR DYNAMIC 
RIGID FORMATS 

RIGID FORMAT NUMBER, DYNAMICS 

DIRECT· MODAL 
OPTIONS Complex Frequency Complex Frequency 

Eigenvalue Response 
Transient Eigenvalue Response 

7 .8 9 10 11 

Proportional 
Structural 1 1 
Damping 

Proportional . 
Viscous 1 2 2 
Damping 

Damping 1 
Elements 

1 1 

Real Direct 
Input Matrices 3 3 3 3 3 
or Transfer ., 

Functions 

Complex 
Direct Input 3 3 ·3 3 
Matrices • 

Non-linear 3 
Functions 

Initial 3 
Conditions 

Loads 3 3 3 

Optional input constraints: 

(1) Applied to structure only 
(2) Applied to modal coordinates only 
(3) Applied to structure or extra points 
(4) Applied to extra points only 

Transient 

12 

2 

3 

4 

4 

3 



should pay special attention to the selection of the most economical method 
for solving his particular problem . 

. ~e modal approach for dynamic analyses differs from the direct approach in 
that it uses the undamped mode shapes as independent deg~ees of freedom re­
placing the original model. Tn either approach, special "extra" points may 
be ~dded for'special modeling purposes. The input loads for the modal ap­
proach are transformed to the modal coordinater, and the resulting modal 
displacements are trans(ormed back to'the physi~al displacements for output 
purposes. 

The choice of direct or modal approach is dependent on the specific problem. 
The direct approach solves a more general problem and does not req~ire the 
extra steps of extracting the free vibration modes and of performing the 
transformations .to form modal coordinates. If for transient analysis, how­
ever, many time steps are required, the direct formulation may be too costly. 
The modal formulation, on the other hand, has a limited range of response 
frequen~ies due to the limitations on the number of mode shapes used. 

Also available with the modal approach (Rigid Formats 11 and 12) is a mode 
acceleration method of improving the solution accuracy. This procedure re­
places the unconstrained rigid body accelerations with equivalent inertial 
and damping forces. The augmented loading is then solved statically to ob­
tain improved element forces and stresses. The user is cautioned, ho~ever, 
that this method is costly and should be used selectively. 

The Frequency and Random Response analysis (Rigid Formats 8 and 11) can be 
used to analyze the steady state response of systems due to sinusoidally 
varying loads at specified frequencies. The model may include direct user 
input matrices and transfer functions. The assembled matrices may be non­
symmetric) real or complex and singular or nonsingular. Loads must be input 
on specific degrees of freedom and may have phase angles, time lags and fre­
quency dependent magnitudes. The output may be sorted by frequency (S~RTl) 
or by component for aIr frequencies (S~RT2) and printed in either a real/ 
imaginary or a magnitude/phase angle format. Curve plotting of these results 
is also available for each output component or a function of frequency. 

The Random Response analysis is treated as a data reduction procedure that 
is applied to the results of a Frequency Response analysis. The 'user inputs 
a power spectral density function, which is assumed to be stationary with 
respect to time, and the program computes the power spectral density, mean 
deviation and auto correlation function for the response of the selected 
output components. The output f.rom the Random Analysis must be selected one 
component at a time, not via the Case Control options, but via the control 
cards of the X-Y plot package. The random output will be real numbers auto­
matically printed and may be plotted versus frequency if so requested • 

. 
The Transient Analysis (Rigid Formats 9 and 12) perform a step by step inte-
gration of the structural response in a time domain. The user provides the 
initial conditions, time step requirements, and a time varying load. The 
available output for specified integration time intervals includes displace­
ments, velocities, accelerations, forces and stresses for selected elements 
and support reactions. 
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Some special features available to Transient Analysis include the capacity 
to incorporate user...;specified direct input matrices, nonsymmetric control 
function equations, and a limited nonlinear analysis capability. The.non­
linear capability is available through displacement and velocity oependent 
load components applied to specific degrees of freedom. For purposes of 
economy, the user may change the integration time step. However, for each 
time step change, the coefficient ma'tr,ices must be reassembled. 

2.4 SPECIAL NASTRAN CAPABILITIES 

Each of the preceding Rigid Formats may 'also be used to solve specialized 
problems. The more recent versions of NASTRAN include the facilities for 
modeling hydroelastic, acoustic cavity, and heat transfer problems. The 
procedures' are also available for performing substructuring analyses. Each 
of these capabilities will be summarized below. Examples of simple, but 
typical problems are included in Chapter 7, along wi.th listings of the input 
data required. Also described in Chapter 7 are simple examples of how the 
DMAP instructions may be used either to modify existing Rigid Formats or to 
independently control a user-specified sequence of matrix oper~tions. 

2.4.1 Heat Transfer Analysis 

The heat transfer problem is analogous to the structural problem with tem­
peratures replacing deflections as the problem unknowns. Currently, only 
Rigid Format 1 is available for determination of steady-state temperatures.' 
The same modeling features for specifying grid point geometry, element con­
nectivity and material properties are provided. In addition, special fea­
turesare available for specification of fixed temperature, convection and 
heat' flux boundary conditions. The output available consists of resultant 
grid point temperatures throughout the model. 

2.4.2 Hydroelastic Analysis 

The hydroelastic capability is designed primarily to solve problems with 
combined structure and fluid effects. The options include both rigid and 
flexible container boundaries, free surface effects and compressibility. 
The fluid is described with axisymmetric finite elements. The structure, 
however, can only be described with non-axisymmetric elements even though 
the boundaries with the fluid must conform. The analysis assumes small per­
turbations about static equilibrium, and second-order velocity terms are 
ignored. Rigid Formats 7, 8 and 9 may be used to analyze combined fluid and 
structure models for eigenv.alues, frequency response or transient response. 
Rigid Format 3 may be used to compute the normal modes of the fluid alone. 
The output available includes the pressure in the fluid, the displacements, 
velocities and accelerations, as well as the structural element forces and 
stresses. 

2.4.3 Acoustic Cavity Analysis 

An acoustic cavity analysis may be performed with Rigid Format 3 to obtain 
,the stationary waves in the steady-state flow of a gas through an axisym­
metric chamber with radial slots. The.width and depth of the slots and the 
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diameter of the center volume may vary along the axis of the chamber. The 
boundaries of the chamber are assumed to be rigid. The output available 
includes pressures at points in the g~s and the velocities in the fluid 
elements. 

2~4.4 Substructure Analysis 

A substructure analysis capability is provided for both a Static (Rigid 
Format 1) and a Normal Modes (Rigid Format 3) analysis. Both require the 
uses of DMAP alters to direct the operations involved with the interfacing 
between the three phases of substructure analysis. The first phase is used 
to deve~op the component matrices for each of the substructures. The second 
phase combines the substructure matrices and obtains the solution desired. 
The third phase recovers the detail results for each substructure •• The out­
put available includes the standard detail results for each substructure and 
the solution displacements or mode ,shapes for the combined structure. 

It should be noted, however, that thoug~ standard DMAP alters have not been 
described, the user may design his own alter packets to perform substructure 
analyses with any of the other Rigid Formats. 

2.5 DIRECT MATRIX ABSTRACTION PROGRAM (DMAP) 

NASTRAN provides the user with not only the Rigid Format sequences of matrix 
operations discussed earlier, but the facility also to alter these sequences 
or build entirely independent sequences. The DMAP facilities include the 
'instructions required to pe~form matrix operations and data manipulation to 
exercise executive control, to perform structural computations, to exercise 
user-designed functions programmed by the user, and to output the desired 
results. Utility DMAP instructions may be used to output data to tape for 
input to programs external to NASTRAN and to read input data generated out­
side of NASTRAN. When difficult modeling problems arise, these DMAP instruc­
tions may be used to retrieve internal NASTRAN~data blocks, to perform 
special operations to verify the accuracy of a solution, or to extract inter­
mediate results. All these,options can be used to help detect the source of 
errors, to avoid problems, or to improve the results. 

This exten~ive capability allows the user to go beyond the scope of the 
existing Rigid Formats, and it allows the user to solve a broad range of 
non-structural mattix problems, all within the framework of NASTRAN. 
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3. HOW TO USE THE GUIDE 

3.1 OVERVIEW 

This Us~rJs Guide is designed to facilitate the understanding and use of 
NASTRAN. Examples are presented throughout the Guide which should be care­
fully examined by the user to help him set up his own problem for execution 
with NASTRAN. The content of each chapter provides a simplified.view of the 
subject matter to help orient the user to the capabilities of NASTRAN and to 
direct him by reference to the standard documentation for the necessary de­
tail. The sequence of chapters follows a natural development from problem 
definition through to actual execution. The first-time user is therefore 
encouraged not to worry about information in the later chapters until the 
time comes when it is actually required. . 

The first chapter simply introduces the user to the concepts of NASTRAN and 
to the fundamental purposes of the User's Guide. Chapter 2 summarizes all 
the current analytical capabilities of NASTRAN. Chapter 3 suggests how a 
u~er may go about preparing a problem for analysis, where to go to get more 
information, and how the Guide can help. The following three chapters pre­
sent, in brief summary form, all the available input options for describing 
the problem to be solved, controiling its execution, and selection the 
printed output. Chapter 7 gives examples of actual problems with explana­
tions of the input cards. Chapter·S illustrates the typical output available 
from NASTRAN and suggests how to use the plotting capability. Chapter 9 in­
dicates how to interface NASTRAN Mith other programs. Chapter 10 illustrates 
how to set up the job control language for each of the UNIVAC"IBM, and CDC 
computer systems. Chapter 11 provides a quick cross reference relating each 
input option to many examples in this User's Guide. Finally, Chapter 12 sum­
marizes "the available sources for information relating to user experiences, 
errors encountered, ·and current developments of NASTRAN. 

3.2 STANDARD NASTRAN DOCUMENTATION 

Throughout the remainder of the Guide, references are given to the location 
in the standard NASTRAN documentation where additional information is avail­
able. Each parenthetical reference includes the initials of the document 
and the section number where the information can be found, e.g., (UM 3.2) 
refers to the User's Manual, Section 3.2, where Rigid Format 1 for Static 
Analysis is described. The contents of the three reference manuals and the 
demonstration problem reports provided with NASTRAN are summarized below. 

3.2.1 Theoretical Manual (TM) 

The Theoretical Manual presents the design concepts and the mathematical 
basis for NASTRAN. The user will find an overall view of the basic philoso­
ply of NASTRAN, a summary definition of how the program is organized, and a 
mathematical description of the operations it performs. The available finite 
element modeling tools are defined, such as grid points and coordinate sys­
tems, element connectivity and direct matrix input, multipoint constraints 
and modal coordinates, transfer functions, etc. Each available analytical 
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capability is mathematically defined. The assumptions and approximations 
are identified. Suggestions· are made on how to use these capabilities. 
Sections are included on special topics such as heat transfer analysis, 
plotter 'graphics, special modeling techniques, error analysis, and inter­
action be~ween structures and fluids. 

3.2.2 User's Manual (UM) 

The User's Manual prese?ts the more practical subjects, how to input data 
to NASTRAN and how to control its processing. .This manual begins with a 
geneial discussion of structural modeling with a description, in physical 
terms, of each modeling tool available. Of special interest to the user are 
the descriptions of the many elements in NASTRAN. Each type of element is 
d'iscussed in' terms of how it can be use..i, the input that is required, and 
the results that can be obtained. The reader is shown how to use the con­
straints and partitioning features of NASTRAN. The many types of static and 
dynamic 'load capabilities are summarized. Both the direct and modal formu­
lations of the dynamic equations of motion are presented. And, examples are 
giv~n for the more esoteric modeling capabilities of NASTRAN, including sub­
structuring; fluid/structure interaction, and acoustic cavity analysis. 

The specific detai~ of format and card content for each option of the 
Executive Control, Case Control, and Bulk Data Dec~s is presented in sepa­
rate sections of Chapter 2. In each section, the card mnemonics are listed 
alphabetically for easy reference. Also, since large problems may require 
sizable input decks, this chapter concludes with a description of how to use 
the User's Master File feature for storing the data on tape. The extensive 
plotting capability and its control options are discussed separately in 
Chapter 4. 

Chapter 3 presents a general description on how to use the current Rigid 
Formats, what steps NASTRAN takes to prepare the input data for processing, 
how to use the checkpoint/restart feature, and how to alter the Rigid Format 
for special purposes. A section of the chapter is devoted to each available 
Rigid Format. Each section contains a detail description of the processing 
steps, a summar'y of the Case Control requirements, a list of the output op­
tions, and a list of the special parameters provided for execution control 
and special output requests. 

Chapter 5 contains all the detail instructions, with examples, for using the 
Direct Matrix Abstraction Program (DMAP) commands. These DMAP commands can 
be used to alter the'Rigid Formats or to create entirely new sequences for 
matrix processing with NASTRAN. 

Chapter 6 lists and explains all of the error arid diagnostic messages issued 
by NASTRAN. Chapter 7 contains a very useful dictionary of the cornmon terms 
and mnemonics used throughout the NASTRAN documentation. 

3.2.3 Programmer's Manual (PM) 

The Programmer's Manual contains the detailed description of the modules and 
subroutines of NASTRAN and the data blocks on which they operate. The user 
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who will be using NASTRAN extensively would do well to read the first chapter 
which contains a lot of information on how NASTRAN processes data and how it . 
'controls that processing. Though this understanding is not required, it wili 
help to visualize what happens and may help the user to efficiently organize 
his processing requests. Also, NASTRAN offers such a plethora of options, 
not all combinations can be adequately described. Hence, an understanding of 
how they are used will also,help in the interpretation of the documentation; 

Chapter 2 is also of value to an experienced user. Here he will find a detail 
description of the many pools of data generated and maintained in NASTRAN. 
Occasionally the user will enco~nter the need for some of this ·data to help 
him locate an error in his model. NASTRAN provides the facility for retriev­
ing this data and printing it out with special DMAP utilities. An alphabe~i­
cal index of the dataset names is provided to help locate the pertinent data 
descriptions. 

The remaining chapters are devoted to describing the utility subroutines, the 
functional modules, the matrix processing modules, the routines that generate 
the element matrices, and the interfaces of NASTRAN with the resident computer 
operating systems. Also, instructions are given for adding new program capa­
bilities·and new input cards to NASTRAN. Finally, attention is given to 
describing the utility programs available to support and maintain NASTRAN. 

3.2.4 Demonstration Problem Manual (DP) 

The Demonstration Problem Manual contains a discussion of each of the demon­
stration problems supplied with the NASTRAN program. Each section describes 
the problem to be solved, the model selected, and its loads. Also included 
is a discussion of the NASTRAN results with a comparison to the theoretical 
solution, where possible. Each Rigid Format analysis is demonstrated at 
least once, and practically all of the NASTRAN input options are exercised. 
No listings of the actual input cards are provided in the manual; however, the 
data decks are supplied with the NASTRAN system package and can be run by the 
user if he so desires. 

3.3 DATA PREPARATION 

The first task before data preparation can begin is to define the problem to 
be solved. This involves an evaluation of the available information concern­
ing the problem, such as identification of the types of excitation and special 
modeling problems, determination of what results are required and selection of . . 

an appropriate method of analysis, setting the budget limitations, and evalu-
ation of the suitability of the computer facilities available. 

The data preparation also requires planning. First a general outline of the 
model must be defined. Can symmetry properties be exploited? Can the struc­
ture be subdivided into segments to be analyzed separately and independently? 
How are the loads to be specified? What type and distribution of elements is 
required to adequately represent the anticipated response and to provide the 
required reGults? Are there special considerations that must be given to 
unusual material properties? Given a basic arrangement of grid points, how 
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should they be numbered for maximum processing efficiency? Have the special 
modeling problems been solved? Can special coordinate systems be used to 
advantage for simplifying the preparation of coordinate data for providing 
unusual boundary constraint and loading conditions or for aiding in the 
interpretation of results? 

To answer many of these questions, and to be certain that all the required 
data has been specified, the user should refer to the list of Bulk Data op­
tions· presented in Chapter 4. Here he will find the available options cata-

·gorized according to data type. He will also find a list of options he can 
use to control the analysis. To use these options effectively, he must have 
some understanding of how the structure will respond to the applied loads 
and an approximate idea of the magnitude of the results. This understanding 
is also requirea to adequately validate the model and to verify the accuracy 
of the input data. 

The user's next task is to set up his Case Control. These options are sum­
marized in Chapter 5. Here he will find how to have titles printed on his 
output listings, how to select data sets from Bulk Data for each condition 
to be analyzed, how to control the sequence of the processing, and how to 
selectively call for his desired output. If plotted output is desired for 
checking the model and/or for helping in the visualization of the results 
obtained, the user should turn to Chapter 8 for a description of these 
special output options. 

Next comes the 
in Chapter 6. 
ing that is to 
limit the time 

setting up of the Executive Control Deck which is described 
These options include the specification of the actual process~ 
take place. They provide the information for restart and 
of execution, and specify the diagnostic output requests. 

Now that all the three decks are ready, they should be ordered in the sequence 
shown in Figure 3-1 for submission to the computer for processing. The user 
should now turn to Chapter 10 for help in setting up the job control cards 
appropriate to the· particular computer system he is using. These card~ are 
required to initiate the NASTRAN system, assign the appropriate disk, drum, 
and/or tape files, and provide the computer system with the necessary account­
ing information. Chapter 10 also illustrates the control cards required 
when using some of the special input/output features of NASTRAN described in 
Chapter 9. 

3.4 PROCESSING 

The first step of the processing should always be to check the data a~d the 
model it represents. NASTRAN provides a careful check of each input card 
against the type of data it expects to find. It also performs many other 
checks as processing continues for certain types of modeling or data consis­
tency errors. The user should exploit the plotting features which are per­
haps the most useful debugging tools available. Plotting of the model in 
segments, to be viewed from many angles and perhaps in stereo, will quickly 
identify most of the obvious modeling errors. 
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A simple static analysis of segments of the model will help detect less obvi­
ous mistakes such as in material properties, element connectivities, multi­
point constraints, and boundary conditions. Again, plots of the deformed 
structure are easier to use than flipping through pages of output. The re1a­
tive·deformations that are shown in these plots are a quick check on localized' 
behavior that may point out loading as well as modeling' errors.-

When the full model is as well checked out as possible, then solve only a 
portion of the problem and "take a checkpoint. Again, plot the response of 
the full-model or selected segments of it, if it is complex. If the more . 
complex and costly analyses are to be performed, checkpoint at intermediate 
steps to be certain such results as the natural frequenc.ies are within the 
expected range. When many mode shapes are required, perhaps, the Inverse 
Power Method could be used to extract only the fundamental frequency prior 
to using the more costly Givens Method. If theoretical or approximate re­
sults are known for certain cases, use these as a check prior to.so1ving for 
the other load cases. 

NASTRAN provides several measures of accuracy at various stages of process­
ing. Examine these to verify if the conditioning of the matrices is within 
an acceptable range. Request the residual vectors be computed whenever there 
is a question as to the accuracy of a decomposition. An overall weight and 
balance computation can' be requested to check for distribution of the mass 
in the model. If a modal dynamic analysis is being performed, alter the DMAP 
sequence and request'a printout of the PHIA matrix of mode shape for the 
analysis set of displacement coordinates. 

These are but some of the suggestions that can be made to use the extensive 
features of NASTRAN in helping the user to qualify his model and the results 
obtained from it. Hopefully, however, ·these will encourage the user to use 
his own imagination and explore other alternatives. The capability is in 
NASTRAN,.as in no other structural program, to fully assist the user in the 
overall objectives of obtaining qualified answers to his problems. 
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4. BULK DATA DESCRIPTION 

4.1 GENERAL DESCRIPTION 

The primary NASTRAN input medium for ~efinition of the data required for a 
structural analysis is the Bulk Data Card. These .cards are used to define 
the structural model and the various other sets of data used to specify the 
environment to which the model is subjected for analysis. Also, the Bulk 
Data'Cards are used to specify the parameters and limits required to control 
the analysis. A brief summary of the available options are presented later 
in Table 4-1. 

In ,general, all the data submitted describing the physical properties of the 
model are used directly by NASTRAN. Those data used to specify conditions 
of the environment such as constraints, temperatures, and loadings must be 
selected via Case Control options (UG 5) if they are to be applied to the model. 
Methods ~f analysis, including the associated parameters and limits, must . 
also be selected from Bulk Data via the Case Control options. Becaus'e these . . . 

last two categories of information are fully under the control of the user, 
the Bulk Data' Deck may include several sets of these data at once. The 
"subcase" structure of the Case Control deck provides the user with the 
facility to define each unique combination of these parameters as separate 
subcases to be analyzed, and for most types of analysis, more than one such 
subcase may be solved in a single run with NASTRAN. 

For large problems, the Bulk Data Deck may consist of several thousand cards, 
In order to minimize the handling of large numbers of cards, provision has 
been made in NASTRAN to alphabetically sort and store the Bulk Data on a 
checkpoint tape and/or on a User's Master File tape (UM 2.5 and UG 6.2.1 and 
10) . These data can then be added to or selectively deleted on subsequent· .runs. 

For cold starts, the first run of NASTRAN for a new model, the entire Bulk 
Data Deck must be submitted. With this run, the user may create either a 
User's Master File or a standard checkpoint tape called the New Problem Tape 
(UM 2.5) on which will be stored the Bulk Data Deck in sorted order. Any 
subsequent run can then be made with either tape as a source for that data 
deck. If this run is a restart from a checkpoint, the old checkpoint tape 
(now called the Old Problem Tape) must be provided. Any Bulk Data cards 
submitted with this restart run will be added to the old Bulk Data Deck for 
access during processing. If a checkpoint for this run is requested, 
another New Problem Tape will be written on which will be stored the new 
augmented Bulk Data Deck. 

Not only can a user thereby add Bulk Data cards with each subsequent run, 
he can also delete cards by inserting Bulk pata cards with a / in column one, 
followed by one or two of the sequence numbers assigned to each card of the 
sorted Bulk Data Deck from the previous run. All cards in the range of these 
sequence numbers will be deleted. If only one number is input, only that 
Bulk Data card is removed. These features are also available for editing and 
updating the User's Master File. 
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The Bulk Data Deck may be submitted wit.h the cards in any order as a sort / 
is performed prior to the execution of an analysis. It should be noted that; 
the machine time to perform this sort is minimized for a deck that is already 
sorted. The sort time for a badly sorted deck will become significant for / 
large decks. The user may obtain a printed copy of the unsorted and/or th~ 
sorted bulk data by selection in the Case Control Deck (UM 2.3, ECH0). A sorted 
listing is necessary in order to make modifications during a subsequent exe­
cution. This listing is automatically provided as an echo of the Bulk Data 
Deck unless specifically suppressed by the user. 

4.2 PROBLEM DEFINITION 

NAsTRAN embodies a lumped element approach, wherein the distributed physical 
properties of a structure are represented by a model consisting of a finite 
number of idealized substructures or elements that are interconnected at a 
finite number of grid points, to which loads are applied. All input and out­
put data pertain to this idealized structural model. 

The grid point definition forms the basic framework for the structural model. 
All other parts of the structural model are referenced either directly or 
indirectly to the grid points. 

Three general types of grid points are used in defining the structural model. 
They are: 

1. Geometric grid point - A point in three-dimensional space at which 
three components !of translation and three components of rotation 
are defined. The coordinates of each grid point are specified by 
the user. 

2. Scalar point - A point in vector space to which one degree of 
freedom is assigned. Scalar points can be coupled to geometric 
grid points by means of scalar el'ements and by constraint 
relationships. 

3. For axisymmetric analyses, the geometric grid point becomes a 
ring -- a point in space rotated about the structural axis of 
symmetry. . 

The structural element is a convenient me~~s for specify~ng many of the 
properties of the structure, including 'material properties, mass distribu­
tion and some types of applied loads. In static analysis by the displacement 

. method, stiffness properties are input exclusively by means of structural 
elements. Mass properties (used in the generation of gravity and inertia 
loads) are input either as properties of structural elements or as properties 
of grid points. In dynamic analysis, mass, damping, and stiffness properties 
may be input either as the properti~s of structural elements or as the prop­
erties of grid points (direct input matrices). 

Structural elements are defined on connection cards by referencing grid 
points. In a few cases, all of the'information required to generate the 
structural matrices for the element is given on the connection card. In 
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most ca~es the connection card refers to a property card, on which the cross­
sectional properties of the element are given. The property card in turn 
refers to a material card which gives the material properties. If some of 
the material· properties are stress-dependent or temperature~dependent, a 
further reference is made to tables for this information. 

Various kinds of constraints can be applied to the grid points. Single­
point constraints are used to specify boundary conditions, including enforced 
displacements of grid points: Multipoint constraints are used to specify a 
linear relationship among selected degrees of freedom, including the defini­
tion of infinitely rigid elements. Omitted points are used as a tool in 
matrix partitioning and for reducing the number of degrees of freedom used 
in the analysis. Free-body supports .are used to remove stress-free motions 
in static analysis and to eva~uate the free-body inertia properties of the 
structural model. 

Static loads may be applied to the structural model by eoncentrated loads at 
grid points, pressure loads on surfaces, or indirectly, by means of the mass 
and thermal expansion properti~s of structural elements and enforced defor­
matidns of one~dimensional structural elements. Due to the great variety of 
possible sources for dynamic loading, only general functional and tabular 
forms of loads are ~rovided to the user in dynamic analysis. 

General procedures for defining structural models are described in the 
User's Manual, Chapter 1. The user is encouraged to become familiar with 
the many suggestions and guidelines presented in that chapter, such as how 
to use the special coordinate systems, how to number grid points to avoid 
inefficient processing, what elements can be used for which purpose, how to 
load and support a structure, and how to exploit the unusual modeling fea­
tures of NASTRAN. Additional technical detail, of course, can be found 
throughout the Theoretical Manual. 

4~3 OPTIONS AND FORMAT 

/There are nearly two hundred Bulk Data options currently available in 
N~STRAN. Detail descriptions of each option are presented in alphabetical 
,or!der in the User's Manual, Section 2.4. Because there are so many and 
varied alternatives, these options are summarized in the following Table 4-1, 
where they are organized according to data types for easy reference by the 
user. A scan of these options will provide the user:~ith an overview of his 
a;I!ternatives for model specification, for load .defini,tion and for control of 
the execution. Each option "is listed in alphabetical sort of the Bulk Data 
Card mnemonic in the User's Manual, Section 2.4.2. Here, the user will find 
the full.description of the input card format, the applicable restrictions 
aqd the references to other Bulk Data Cards required to complete the input. 
~ere also, the user will find which Case Control option ~ust be used, if any, 
t~ selectively apply these data to the problem at hand. 

Each category of data found in Table 4-1 includes references to the standard 
I 

NASTRAN manuals for the related theory and application of the input shown. 
The order of the categories was selected to follow a natural sequence· for 
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model development. As such, a user may use these tables as a checklist to 
be assured that he has considered every aspect of his input. 

It should be noted that some options appear in more than one .category. This" 
is done to help avoid overlooking an' option that may serve several purposest 

- ~ , 

Specific procedures and the formats for Bulk Data input are' clearly spelled 
out in the User's Manual, Sect~on 2.4.1" Examples of many of the Bulk Data 
options can be fo'und in Chapter 7 of this User's' Guide where actual problems 
for each of the standard and special analysis capabilities of NASTRAN are 
illustrated and explained. An. index to these examples is included in -Chapter 11 • 

. To summarize, each Bulk Data Card is divided into ten fields, normally eight 
colunms wide. The first field contains either ·the card nmemonic or the con­
tinuation code from the preceding card if mpre than one card is required for 
definition of the data. These continuation codes ,must be unique in order to 
facilitate the sorting of the Bulk Data Deck. The last seven colunms (74-
80) of field 10 on each card are used only for specification of that unique 
continuation code. The card nmemonic always starts in card colunm 1. The 
continuation code from the preceding card starts in card colunm 2 with a + 
in card column 1. Each of the remaining data entries to be supplied, . may be 
placed without imbedded blanks anywhere within the appropriate field. These 
entries may be integer, real, or alphanumeric data. 

However, occasionally more than eight-card colunms are required for the user 
to specify his data with sufficient accuracy. In these situations, each . 
Bulk Data Card may be expanded to cover two separate cards with l6-colunm 

'. fields for the data entries (fields 2-9); When this arrangement is used, an 
* must appear following the card mnemonic and/or in card column 1 of the 
continuation card. 

The type of data to be expected in each field is checked by NASTRAN on input, 
and a message is issued in the event of an error.' To help detect possible 
modeling errors, NASTRAN also performs many other checks as the input data 
is used by the program. 
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A. SPATIAL GEO'tETRY 

Axisymmetric Ap'"roach (UM 1.3.7,1.7.1, TM 4.1,5.9) 

AXlC Req'd to define existence of conical she~l problem. 

AXIF Req'd'to define existence of fluid coordinate system, includes 
defaul t parameters. , 

AXSL0T R~q'd to riefine existence of acoustic slot analysis, includes 
default parameters. ' 

PtINTAX Location cn shell ring (conical shell) at which loads can be 
applied and displacements are requested. 

RlNG.~ Ring for conical shell. 

SECTAX Sector of a conical shell. 

Coordinate Systems (UM 1.2.2, HI 3.4.1) 

BAR0R 

C0RDiC 

~RDIR 

C~RD1S 

. Simple beam orientatio~ and property default for CBAR. 

Cylindrical coordinate system oy reference to (i=l, three grid 
points, and i e 2, coordinates of three points). 
Rectangular ccordinate system by reference to (i=l, three grid 
points, and i=2, coordinates of three points). 
Spherical coordinate system by reference to (i=l, three grid 
points. and i=2, coordinates of three points). 

Fluid Points (UM 1.7.1, TM 16.1.1) 

FREEPT 

FSLlST 

GRIDB 

CRIDF 

GRIDS 

PRESPT 

RINGFL 

SLSDY 

Fluid surface points for recovery of displacements. 

Declares fluid points (RINGFL) whic~ lie on free surface 
bounc!ary. ' 
Grid location on RINGFL for fluid boundary. 

Scalar degree of freedom for acoustic analysis of a fluid. 

Scalar degree of freedom on acoustic slot boundaries. 

Pressure points for data recovery in fluid analyses. 

Circle (flujd point) in fluid model. 

List of slot points (GRIDS) on interface bet~een fluid and 
radial slots. 

A. SPATIAL GEOMETRY (cont'd) 

Grid Points (UM 1.1, 1.2, TM 3.1) . 

GRID Grid point location, direction of displacement and constraints.' 

CRIDB Grid location on RINCFL for fluid boundary. 

CRDSET Default options for all GRID cards. 

SEQGP Grid and scalar point number resequencing. 

Scalar Points (UM 1.1, TM 3.1, 14.2) 

EPOINT 

SEQEP 

CRIDF 

CRiDS 

SP0INT 

SEQGP 

Extra points defined for dynamics. 

Extra point number resequencing 

Scalar degree of f~eedom for acoustic fluid analysis. 

Scalar degree of freedom on acoustic slot boundary. 

Scalar points defined. 

Grid and scalar point number resequencing. 

TABLE 4-1. BULK DATA OPTIONS "(A. SPATIAL GEOMETH) 
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B. ELEMENT AND PROPERTIES 

Axisymmetric (m1 1.3.7, 1.7.1, TM 4.1, 5.9) 

AXIC Req'd to.define existence of conical shell problems. 

CC0NEAX Conical shell element connection. 

PC0NEAX Conical shell property. 

CT0RDRG Toroidal ring element connection. 

PT0RDRG Toroidal ring property. 

CTRAPRG Trapezoidal ring element connection and property. 

CTRIARG Triangular ring element connection and property. 

DMIAX Direct matrix input for axisynnnetric problems. 

~ (UM 1.3.1, TM 5.1) 

ADUMi 

CDUMi 

PDUMi 

PL0TEL 

Attributes for CDUMi and PDUMi dummy elements (for user-defined 
element types i = 1 thru 9). 
Dummy element connection. 

D~~y element property. 

·Dummy element definition (fo,r plotting only) 

Fluid (L11 1.7.1, TM 16.1.4) 

AXIF 

AXSL0T 

CASIFi 

CFLUIDi 

CSL0Ti 

Req'd to define existence of fluid analysis and default 
parameters. 
Req'd to define existence ofaxisynnnetric slot analysis and 
default parameters. 
Fluid element connection i = 2, 3 or 4 fluid points in an 
acoustic slot analysis. 
Fluid element conne,ction for axisymmetric fluid (for user­
defined fluid points i = 2, 3, or 4). 
Slot element connecting i = 3 or i = 4 GRIDS points for 
evenly spaced radial slots. 

General (UM 1.3.1, TM 5.7) 

GENEL General element in terms of its transformation matrices. 

B. ELEMENT AND PROPERTIES (cont'd) 

Line (L~ 1.3.2, TM 5.2) 

CBAR 

PBAR 

BAR0R 

C0NR0D 

CR0D 

pR0D 

CTUBE 

PTUBE 

Simple beam element connection. 

Simple beam property. 

Simple beam orienta;ion default for CBAR. 

Rod element property and connection. 

Rod tension-compression-torsion element connection. 

Rod element property. 

Tube tension-compress ion-torsion element connection. 

Tube element property. 

Plate (UM 1. 3. 5, TM 5.8) 

CQIlMEM 

PQDMEM 

CQDPLT 

PQDPLT 

CQUADi 

PQUADi 

CSHEAR 

PSHEAR 

CTRBSC 

PTRBSC 

CTRIAi 

Quadrilateral membrar.e element connection. 

Quadrilateral membrane element property. 

Quadrilateral bending element connection. 

Quadrilateral bending element property. 

Quadrilateral membrane and bending element connection 
(i=l for general and i=2 for homogeneous behavior). 
Quadrilateral membrane and bending element property. 
(i=l for general and i=2 for homogeneous properties). 
Shear panel element connection. 

Shear panel prope~ty. 

Basic triangular bending element connection. 
" 

Basic triangular bending element property. 

Triangular membrane and bending element connection 
(i=l for general and i=2 for homogeneous behavior). 

I 

TABLE 4-1. BULK DATA OPTIONS (B. ELEMENTS AND PROPERTIES) 
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B. ELEMENT AND PROPERTIES (cont'd) 

!!lli. (cont'd) 

PTRlAi 

CTRMEM 

PTRMEM 

CTRPLT 

PTRPLT 

CTWIST 

PTWIST 

Triangular membrane and bending element property 
(ial for general and i a 2 for' homogeneous properties). 
Triangular membrane element' connection·. 

Triangular membrane element property. 

Triangular bending element (TRPLT) connection. 

Triangular bending element (TRPLT) . property. 

Twist panel element connection. 

Twist panel property. 

Rigid Connectors (UM 1.4.2, TM 3.5.1) 

MPC 

MPCADD 

Equations of· constraint which may be used to .simulate a rigid 
element. 
Union of multipoint constraint sets defined by MPC cards. 

~ (UM 1.3.a, TM 5.6) 

CDAMPi 

PDAMP 

CELASi 

PELAS 

CMASSi 

PHASS 

C0NM1 

CVISC 

PVISC 

Scalar viscous damper connection (i a 2 or 4 without reference 
to property). 
Scalar viscous damper property. 

Scalar spring connection (i a 2 or 4 without· reference to 
property). 
Scalar spring property. 

Scalar mass connection (i a 2 or 4 without reference to 
prc.perty) • 

. Scalar mass proper.ty. 

Concentrated mass element connection (i=l for mass matrix, or 
i a 2 for offset mass inertia properties). 
Viscous damping connection, extensional and rotational. 

Viscous damper property, extensional and rotational. 

B. ELEMENT AND PROPERTIES (cont'd) 

~ (UM 1.3 .• 9, TI1 5.12) 

CHEXAi 

CTETRA 

CWEDGE 

HexAhedron constant strain element connection (i=l uses 5 
tetrahedra, i=2 uses 10 overlapping tetrahedra) .. 
Tetrahecron constant strain.element connection. 

.Wedge coustant strain element connection. 

Surface Heat (UM 1.a.3, TM a.3) 

CH!IDY Heat convection boundary for steady-state heat condit.ion. 

TABLE 4-1. BULK DATA OPTIONS (B. ELEMENTS· AND PROPERTIES CON'T) 
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C. MATERIALS 

Anistropic (UM 1.3.1, TM 4.2) 

MAT2 

MATT2 

MAT3 

MATT3 

MATS 

MATTS 

Anisotropic material properties. 

Temperature-dependent table references for MAT2 properties. 

Orthotropic material properties. 

Temperature-dependent table references for MAT3 properties. 

Anisotropic thermal material properties. 

Temperature-dependent table references for thermal conductivity 
matrix (MATS). 

Fluid (UM 1. 7, TM 16.1.1) 

AXIF 

AXSLOT 

BDYLIST 

CFLUIDi 

CSLOTi 

FSLIST 

SLBDY 

Defines default parameters and existence of fluid analysis. 

Default parameters and the existence of axisymmetric slot 
~nalysis. 

Fluid mass density at fluid boundary. 

Fluid mass density and bulk modulus. 

Slot fluid element mass density and bulk modulus. 

Fluid mass density at free surface. 

Fluid mass density at boundary between axisymmetric fluid and 
evenly spaced radial slots. . 

Isotropic (UM 1.3.1, TM 4.2) 

MAT! 

MATTI 

MAT4 

MATT4 

Isotropic material properties. 

Temperature-dependent table refe,rellces for MATI properties. 

Isotropic thermal material properties. 

Temperature-dependent table reference for thermal conductivity 
or convective film coeffiCient (MAT4). 

c. }IATERIALS (cont'd)' 

Stress Dependent (UM 1.3.1, TM 3.8.1) 

MATSI Stress-dependent table references for MATI' properties. 

TABLESi'.,. Tabular stress-strain function referenced by'-HATSl: 

Temperature Dependent (UM 1.8.3) 

MATTi ':, Table references for MATi type material and thermal properties 
., (i ~ I, 4 for isotropic, i Q 2, 3, S for anisotropic). 

TABLEMi Tabular function for generating material properties and 
parameter data (i ,Q 1 thru 4 for specific algorithm). 

TEHP Grid point temperat~re field. 

TEHPD 

TEHPAX 

TEHPPi 

TEHPRB 

Grid point temperature field default. 

T~mperature sets for conical shell problem. 

Plate element temperature field (iQl includes gradient, i Q2 
includes thermal moments, and i c 3 includes tabular description 
over cross section). 
Temperature field for line elements. 

TABLE 4-1. BULK DATl\ OPTIONS (C. MATERIALS) 
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D. CONSTRAINTS AND PARTITIONING· 

Fluid Boundary (UM 1.7.2. TM 16.1.3) 

BDYLIST Defines boundary (RINGFL points) between fluid and structure. 

FLSYM Axisymmetric symmetry control. 

FSLIST Required to define fluid points which lie on free surface. 

SLBDY List of slot points (GRIDS) between fluid and radial slots. 

Heat Boundary (UM 1.S.3, TM.S.3) 

CHBDY Heat convection boundary .element for steady-state heat 
condition. 

Multipoint Constraints (UM 1.4.2, TM 3.5.1) 

MPC 

MPCADl 

MPCAX 

Defines linearly dependent constraint relations between 
displacements. 
Union of multipoint constraint sets defined by MPC cards. 

Required to define MPC-type reiations for conical shell 
coordinates. 

Partitioning (UM 1.4.4, TM 3.5.3) 

ASET Defines independent degrees of freedom to be placed in analysis 
set. 

ASETI Defines independent degrees of freedom to be placed in analyses 
set. 

0MIT Defines degrees of freedom omitted from analysis set (reduces 
independent degrees of freedom). 

~MITI Defines degrees of freedom omitted from analysis set (reduces 
independent degrees of freedom). 

~MITAX Omi~ted conical shell degrees of freedom. 

~Body Motion Constraints (UM 1.4.3. TM 3.5.5) 

SUPAX 

SUP~RT 

Conical shell fictitious supports for determinate reactions for 
free body analysis. 
Fictitious supports for determinate reactions applied to free 
body analysis. 

D. CONSTRAINTS AND P.\RTITIONING (COnt:' d) 

Single-Point Constraints (UM 1.4.1, TI-I 3.5.2) 

GRID 

GRIDB 

GROSE! 

SPC 

SPCl 

SPCADD 

SPCAX 

Grid point location, direction of displacement and constraints. 

Grid location on RINGFL for fluid boundary and constraints. 

Default options for a·ll GRID cards. 
'l~ 

Defines single-point constraints and enforced displacements. 

Defines sets of single-p~int constraints. 

Union of singular point constraint sets defined by SPC and 
SPCI .cards. . 
Defines single-point constraints for.conical shell coordinates. 

TABLE 4-1. BULK DATA OPTIONS (D. CONSTRAINTS AND PARTITIONING). 
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E.LOADS 

Combinations (UH 1.5.1, TM 11.1) , 

D~AD 

WAD 

Linear combination of dynamic load sets. 

Linear combination of static load sets (eAcept temperature and 
displace~ent loads). 

Dynamic (UM 1.52, 1.53, TM 11.1, 12.1) 

DAREA 

DELAY 

DL0AD 

DPHASE 

NONLINi 

PRESPT 

RANDPS 

l'tANDT1 

TABRNDI 

RL0ADi 

TABLEDi 

TL0llDi 

TSTEP 

Dynamic load scale factor and grid point location. 

Dynamic load function time delay and grid point location. 

Linear combination of dynamic load sets. 

. Dynamic load function phase lead term e (theta). 

Nonlinear displacement dependent transient· forcing functions 
(i ~ 1 thru 4 defines iunction type). 
Fluid pressure point locations for output and control devices. 

Freque.ncy dependent self and c!'oss-power spectral density 
factors of load sets. 
Autocorrelation function time lag for random analysis. 

Tabular function of power spectral'density versus frequency 
for random analysis. 
Frequency dependent dynamic loads for frequency response 
(i a I, 2 defines. function type). 
Tabular function for generating frequency or time-dependent 
loads (i = I thru 4 for specific algorith~). 
Time-dependent dynamic load for transient response' (i = I, 2 
for function type)~ 
Time.step intervals for solution and output in 
analYSis. 

transient 
\ 
i 

E. LOADS (cont'd) 

Heat Transfer (UM 1.5.1, TI-f 8.0) 

QHBDY 

TEMP 

TEMPD 

TEMPAX 

TEMPPi 

TEMPRB 

Thermal load at boundary for steady-state heat conduction. 

. Grid point temperature field. 

Grid point temperature field default. 

Temperature sets for conical shell problem. 

Plate element temperature field (only average temperature used 
for heat transfer analysis). 
Temperature field for line elements (only average grid point 
temperature used for heat transfer analysis). 

Static (UM 1.5.1, TM 3.6) 

DEF0RM 

DSFACT 

F\'lRCE 

r'0RCEi 

F0RCEAX 

GRAV 

~AD 

M0MAX 

M0MENT 

M0MENTi 

PLFACT 

PL0AD 

PL0AD2 

Enforced axial deformation for line elements. 

Defines scale factors for loads and stiffness matrices in 
differential stiffness analysis. 
Force load apecified at grId point by.vector. 

Force load specified at grid point (i=l, two grid points, or 
i=2, four grid points). 
Force loading of a conical shell coordinate. 

Gravity load vector defined (uses mass matrix). 

Linear combination of static load sets (not including thermal 
or deformation loadings). . 
Moment loading of a conical shell coordinate. 

Moment specified at grid point by vector. 

Moment specified at grid point (i=l, two grid points, or i=2, 
four grid points). 
Defines scale factors for load increments in piecewise linear 
analysis. 
Defines a static pressure load on an area. 

Defines a pressure load applied to two-dimensional (plate) 
elements. 

TABLE 4-1. BuLK DATA OPTIONS (E. LOADS) 
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E. LOADS (cont'd) 

'~ (cont'd) 

P0INTAX 

PRESAX 

maCE 
SL0AD 

TEMP 

TEMPD 

TEMPAX 

TEMPPi 

TEMPRB 

Defines location on axisymmetric conical shell ring (RINGAX) 
at which loads may be applied. 

'Defines pressure loading of conical shell element. 

Static loading condition due ,to centrifugal ,force field. 

,Defines static loads on scalar points. 

Grid point temperature field. 

Grid point temperature field default. 

Temperature sets for conical shell problems. 

Plate element temperature field (1=1 includes gradient, i=2 
includes thermal moment, and i=3 includes tabular description 
of temperature over cross section). ' 
Temperature field for line el~ments including gradient. 

TABLE 4-1. BULK DATA OPTIONS (E. LOADS CON'T) 
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F. METHODS 

Buckling (1M 10.3, 10.4) 

EIGB Required data for eigenvalue extraction for buckling analysis. 

Control Systems (TM 1. 4.2) 

TF Dynamic transfer function as equation or direct matrix input. 

Differential Stiffness (TM 7.1) 

DSFACT Define scale factors for applied loads and stiffness matrices 
in differential stiffness approach, 

Eigenvalue (TM 10.0) 

tIGC Data,required to perform complex eigenvalue analysis. 

EIGP Defines poles used in complex eigenvalue analysis. 

tIGR Data required to perform real eigenvalue analysis • 

TABDMPI Tabular function of structural damping versus frequency for 
modal formulations only. 

Frequency Response (1M 12.1) 

FREQ Set of frequencies used in frequency response analysis. 

FREQI Set of frequencies specified by starting frequency, increment, 
and number of increments desire~. 

FREQ2 Set of frequencies specified by starting frequency, final 
frequency, and number of logarithmic increments desired. 

TABDMPI Tabular function of structural damping versus frequency for 
modal formulations only. 

Hydroelastic (UM 1.7, TM 16.1, 16.2) 

FREEP! 

AXSL0T 

Location of fluid free surface points for displacement 
recovery. 
Required'to define existence of axisymmetric slot analysis 
and default parameters. 

F. METHODS (cont'd) 

Piecewise ~inear (1M 3.8) 

PLFACT Required to define scale faclors for load increments in 
piecewise linear analysis. 

Random Response (1M 12.2) 

RANDPS 

RANDTl 

TABRNDI 

Frequency dependent self and cross-power spectral density 
factors of load sets. 
Autocorrelation function time lag for random analysis. 

Tabular function of power spectral density versus frequency 
for random analysis. 

Transient Response (UM 1.6; TM 11.0) 

TABDMPI 

TIC 

TSTEP 

Tabular function of power spectral density versus frequency 
for modal formulations only. 
Initial conditions for both displacement and velocity for 
direct formulations only. 
Time step intervals used in transient analysis solution. 

'J:'ABLE 4-1" BULK DATA OPTIONS (F. METHODS) 
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G. MISCELLANECUS 

Comment (tJl>! 2.4.2) 

$ ,For ineerting conunentary :naterial into unsorted A~ho deck. 

~ (IDi 2;4.2) 

I For removing 'cards from either Old Problem Tape on restart or 
the User's Master File. 

Direct Matrix Input 

C011Mi 

DMI 

DMIG 

D!i!A>: 

Concentrated mass element connection (i=l for mass matrix. 
i a 2 for offset mass inertia properties). 
User:defined direct matrix input, real or complex (general) 

Use=-defined direct structural matrix input, real or complex 
at grid points. 
~~isymmetric related user-defined direct matrix input (fluid or 
structural). 

TF Direct matrix input for dynamic transfer function. 

Output Control 

FREEPT Lor.ation of free surface fluid points for displacement recovery. 

PL0TEL Dununy element definition for plotting purposes only. 

P0lNTAX Defines location on'axisymmetric conical shell ring (RlNGAX) 
for recovery of displacements. , 

PRESPT Pressure point on RINGFL for pressure data recovery in fluid. 

TSTEP Time Etep intervals for which solutions and output quantities 
to transient analysis are d~sired. 

Parameters (UM 3.1.5) 

PARAH Specifies parameter values used in DMAP sequences (including 
rigid formats). 

G. MISCELLANEOUS (cont'd) 

Reseguencing (UM 1.2.2) 

SEQEP 

SEQGP 

Resequences extra point numbering to optimize bandwidth. 

Resequences grid and scalar point numbering to optimize 
bandwidth. 

Tabular Input (UM 1.8.3) 

DTI 

TABDMPI 

TABLEDi 

TABLEMi 

TABLES 1 

Input table data blocks directly. 

Tabular functionoof structural damping versus frequency. 

Tabular function for generating frequency or time-dependent 
loads (user prescribes i c 1 thru 4 for specific algorithm). 
Tabular function for temperature-dependent material properties 
and parametric data (user prescribes i c 1 thru 4 for specific 
algorithm). ' 
Tabular stress-strain function referenced by MATSI card. 

TABRNDI ,Tabular function of power spectral density versus frequency. 

TABLE 4-1. BULK DATA OPTIONS (G. MISCELLANEOUS) 



5. CASE CONTROL DESCRIPTION 

5.1 ,GENERAL DESCRIPTION 

The Case Control Deck is used to provide titling information, to select sets 
of data from the Bulk Data Deck, to generate the subcase structure, and to 
make output requests for printing, punching and/or plotting. . ' 

The Case Control data is placed in a separate file which is read by each 
NASTRAN functional module. This information is used by that module to con­
trol its processing and to select the specific data on which it is to oper­
ate. The sequence in which these functional modules themselves are called 
is controlled by user input-to the NASTRAN Executive Control Deck (UG 6.0). 
The current Case Control options (UM 2.3) are listed in 'Table 5-1. Typical 
examples of their use are given in Section 5.4. Additional examples related 
to actual problems can be found in Chapter 7. 

5.2 INPUT SEQUENCE AND FORMAT 

The Case Control Deck is input immediately following the last card (CEND) of, 
the Executive Control Deck (UG 6.0). It terminates with the BEGIN BULK card 
which initiates the input of the Bulk Data Deck. This card and the ENDDATA 
card which signals the end of Bulk Data, must always be used, even if there 
are no Bulk Data cards. 

The Case Control card is free format. Only the ENDDATA card is required to 
begin in either card column 1 or 2. Blanks are used to separate the control 
words. The equal sign (=) is used as an assignment_ statement. A comma (,) 
at the ,end of a physical card signals that a continuation card will be used. 
Comment cards, signalled by a dollar sign ($) in card column one, can be 
inserted anywhere in the Case Control Deck and thus may contain any alpha­
numeric characters the user desires. Only the first four cha'racters of each 
control word need be used so long as that option is uniquely identified. 

5.3 CASE CONTROL OPTIONS (UM 2.3) 

The currently available Case Gontro1 options are listed in Table 5-1. These 
options are divided into functional groups for Bulk Data Selection, Output 
Selection 'and Subcase Specification as described below. A brief summary of 
the subcase specification options is presented in Table 5-2. Examples, with 
explanations, are presented in Section 5.4. Additional examples as they 
apply to specific problems can be found in Chapter 7. Refer to the dis­
cussion of each available 'Rigid Format (UM 3.2-3.13) for a detailed descrip­
tion of ~he applicable Case Control options. 

5.3.1'Bu1k Data Selection (UG 4.0) 

In general, element connectivities, element properties, gridpoint coordi­
nates and related geometry data used to describe a structural model are not 
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[iuI:K- DATA SELECTION I 
Loads: 

DEF0RM 
DL0AD 
DSC0EFFICIENT 
L0AD 
N0NLINEAR 
PLC0EFFICIENT 

[OUTPIJT-SEiECTION I 
Output Control: 

ECH0 
LABEL 
LINE 
MAXLINES 
0UTPUT 
0UTPUT(PL0T) 
0UTPUT(XY0UT) 
0UTPUT(XYPL0T) 
PL0TID 
SUBTITLE 
TITLE 

[SUBCASE SPECIFICATION 

General Case: 

SUBCASE 
REPCASE 
SUBc0M, 

Con'straints: 

AXISYMMETRIC. 
MPC 
SPC 

Specific Output 
Amounts: 

HARM0NICS 
M0DES 
0FREQUENCY 
SET 
TSTEP 

Symmetric Case: 

SYM 
SYMC0M 

Direct Input 
Matrices: 

B2PP 
K2PP 
M2PP 
TFL 

S0LUTI0N Set 
Response: 

• 

NLL0AD 
SACCELERATI0N 
SDISPLACEMENT 
SVECT0R 
SVEL0CITY 

Dynamic Analyses 
Conditions: 

CMETH0D 
FREQUENCY 
IC 
METH0D 
RAND0M 
SDAMPING 
TSTEP 

Stress, Force, Degree­
of-Freedom Response: 

ACCELERATI0N 
DISPLACEMENT 
ELF0RCE 
ELSTRESS 
F0RCE 
0L0AD 
PRESSURE 
SPCF0RCES 
STRESS 
THERMAL 
VECT0R 
VEL0ciTY, 

Combination Coefficients 

General: Symmetric: 

SUBSEQ SYMSEQ 

TABLE 5-1 CASE CONTROL OPTIONS 

Thermal Fields: 

'TEMPERATURE 
TEMPERATURE (L0AD) 
TEMPERATURE (MATERIAL) 
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SUBCASE 

SUBC~M 

SUBSEQ 

SYM 

SYMC~M 

SYMSEQ 

REP CASE 

TABLE 5-2 CASE CONTROL SUBCASE SPECIFICATION 

, 
Defines the -beginning of a subcase that is 
terminated by the n~xt subcase delimiters 
encountered. 

Defines a combination of two or more immediately 
preceding subcases in static or inertia relief 
problems only. Output requests above the subcase 
level are used. 

Must appear in a subcase defined by SUBC0M to give 
the coefficients for making the linear combination 
of the preceding subcases. The first coefficient 
applies to the first subcase, the second to the 
next subcase, etc., for all subcases except combi­
nation subcases. 

Defines a subcase in static or inertia relief prob­
lems only for which only output requests within 
the subcase will be honored. Primarily for use 
with symmetry problems where the individual parts 
of the solution may not be of interest. 

Defines a combination of two or more immediately 
preceding SYM subcases in static or inertia relief 
problems only. Output requests above the subcase 
level are used. 

May appear in a subcase defined by SYMC~M to give 
the coefficient, one for each subcase, for making 
the linear combinatioq of the preceding SYM sub­
cases. A default value of 1.0 is used if no SYMSEQ 
card appears, otherwise, a coefficient must be 
specified for all sub cases except combination 
subcases. 

Defines a subcase in static or inertia relief prob­
lems only that is used to make additional output 
requests for the previous real subcase. This card 
is required because multiple output requests for 
the same item are not permitted in the same subcase. 
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select'ed from Bulk Data by Case Control. All of these dat'a that are found 
in the Bulk Data Deck are used in defining the model. However, Case 
Control ~ used to select from Bulk Data by specification of the appropri­
ate set identifiers, those load sets, constrains sets, temperature data, 
direct input matrix data and method of analysis to be used ,in solving a 
particular problem. The concept of Case Control allows the user to ana­
lyze one model under many different, loading and constraint conditions all 
in one run. Each unique combination of conditions is identified in Case 
Control as a separate subcase within that one run. . , 

Additional control, it should be noted, is ,provided directly in Bulk Data 
via the PARAM card (UM 3.1.5). Each Ri,gid Format (UM 3.2-3.13) allows for 
selected parameters t,o be specif~ed on this card. These parameters may be 
used in directing NAS1~ to perform additional processing and to provide 
for additional ou~put. 

5.3.2 Output Selection (UM 2.3.1) 

The Case Control options for control of NASTRAN outp~t'allow the user to 
, be selective of the results he wishes to have printed, punched or plotted. 

General structural analyses as can be performed by NASTRi\.N can produce such 
overWhelming volumes of computer printout 'that this selective feature is ,one 
of the most important fUl"',ctions of the Ca~ Control, Deck. A full descrip­
tion of the specialized output available is pres ented at the conclusion of 
the discussion of each Rigid Format (UM 3.~-.3.l3). 

Certa~n categories of NAST~~ output are automatically provided (UM 3.1.4). 
The automa:tic output includes the NASTRAN title page, echo of the Executive 
Control, Case Control and, sorted Bulk Data DeCKs, DMAP sequence listing on 
restarts and the Checkpoint Dictionary when a check point has been requested. 
Additional, output can be requested for diagnos~ic purposes, e.g., see 
Executive Control DiAG card (UG 6.3.1) and D~~ alters (UG 7.10). 

The specific output which may be requested through Case Control can be 
divided into categories as follows: 

1. Output Control - provide for titles, organization, pagination and 
mode of output. 

2. Output Amounts - provide for definition of sets and intervals to 
limit volume of output. 

3. Output Categories - provide fcir selection of data types to be output. 

These requests may be applied for all subcases or'selectively to individual 
subcases to further limit the volume, of desired output. Within a subcase. 
the user also has the option to suppress output which had been requested 
above the subc~se level. The output requests for specific types of data 
provide the parameters (UM 2.3.4) with which the user may select special 
sorting of the output, e.g., printed or punched. The user should make 
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reference to the explanations of the Case Control examples in Section 5.4. 
where certain idiosyncrasies in the use of the output options are describ.ed. 

Special note should be made of how to get the output available from a 
Random Response Analysis, Rigid Formats 8 and 11. Unlike the results from 
other available analyses, the printout of the power spectral density and 
autocorrelation functions is available only through the plotting control 
options provided for ~UTPUT ~XY~UT) (UM 4.3.3, UG 7.1.5.4 and 8.4) •. 

Plotting requests; which always appear after the last subcase, are suffi­
ciently specialized that separate sections (UG 8.3 - 8.5) with examples 
(UG 7) are devoted primarily to a discussion of the three forms of plotting 
available in NASTRAN. These forms may be summarized as fO,llows: 

1. ,Structural - includes picturing the actual model in an undeformed 
and/or in a deformed state (UM 4.2). 

2. X-Y Plot - includes curve plotting for selected response data in 
functional form (UM 4.3). 

3. Matrix Plot - which offers a topological display of matrix coeff~­
cients in graphical form (UM 5.3.2 "SEEMAT"). 

5.3.3 Subcase Specification (UM 2.3.3) 

In general, separate sub cases are used to define unique combinations of 
loadings and constraint sets. Subcases also are used to control output 
requests, to identify the method of analysis, to change integration time 
intervals and/or to specify unique sets of direct input matri'ces. Further­
more, separate sub cases are used to control symmetty and anti-symmetry 
conditions including superposition of the corresponding solutions. Guide­
lines for sub case requirements according to each of the available Rigid 
Formats can be found in the "Case Control Deck and Parameters" subsection 
of the User's Manual Sections 3.2 to 3.13. The following summarizes these 
requirements as they apply to the different classes of analyses: 

1. Static Analyses, Rigid Formats 1 and 2 (UM 3.2.4 and 3.3.4) 

e Separate sub cases for each unique combination of loadings and 
constraint sets. 

• Loading conditions, selected from Bulk Data with L~AD, DEF~RM 
or TEMPERATURE (L~AD) cards, which are associated ~ith the same 
sets of constraints should be called for in contiguous subcases 
to avoid unnecessary computations. The SPC constraint sets may 
include gridpoint displacements as a loading condition which 
will be superimposed on any other loading selected in that 
subcase. 

2. Static Analysis with Differential Stiffness, Rigid Format 4 (UM 3.5.5) 

• Case Control must contain at least two subcases. The loading and 
constraint sets must be specified above the subcase level. The 
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first subcase is used to specify the output requests that apply 
only to the linear solution. The second subcase contains the 
DSC~EFFICIENT card selecting the preload scale factors. 

• All subsequent sub cases are used only to specify output requests 
for the non-linear solution. 

3. Buckling Analysi~, Rigid Format 5 (liM 3.6.5) 

• Same as #2 above except that the second sub case contains the 
METH~D card selecting the EIGB card from Bulk Data which defines 
the method of eigenvalue extraction. 

4. Piecewis~ Linear Analysis, Rigid Format 6 (liM 3.7.4) 

• Case Control must contain one· and only one subcase. 

• The PLC~EF card which must be used to select the sequence of 
loading factors to be applied. 

5. Normal Modes Analysis, Rigid Format 3 (liM 3.4.5) 

• Multiple subcases are used only to control output requests. 

• The METH~D card must be used to select the EIGR card from Bulk 
Data. 

6. Direct Complex Eigenvalue Analysis, Rigid Format 7 (liM 3.8.5) 

• At least one sub case must be defined for each unique set of 
direct input matrices (K2PP, M2PP, B2PP). 

• The CMETH~D card must be used to select the EIGC card from Bulk • Data for each set of direct input matrices. 

• Multiple subcases for each set of direct input matrices are 
used only for output control. 

7. Direct Frequency and Rand6m Response, Rigid Format 8 (liM 3.9.4) 

• At least one subcase must be defined for each unique set of 
direct input matrices (K2PP, M2PP, B2PP) or frequencies and 
only one FREQUENCY card and one ~FREQUENCY card can be used for 
each such set. 

• Consecutive sub cases for each set of direct input matrices or 
frequencies are used to define the loading conditions - one 
subcase for each dynamic loading condition selected from Bulk 
Data by the DL~AD card. . 

• Constraints must be specified directly in Bulk Data (GRID or 
GRIDSET) or selected above the sub case level. Grid point 
displacements specified with these constraint sets will be 
ignored. 

• Output from a Random Response Analys1s may be selected only 
with the xy~ options (UG 8.4) 
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8. Direct :Transient Response, -Rigid Format 9 (UM 3.10.4) 

• One subcase must be defined for-each dynamic loading condition 
selected from Bulk Data by the DL0AD card. 

• Constraints must be specified directly in Bulk Data (GRID or 
GRIDSET) or specified above the subcase level. Grid point 
displacements specified with these constraint sets will be 
ignored. 

9. MOdal Complex Eigenvalue, Frequency and Random Response, arid 
Transient Response-Analyses, Rigid Formats 10, 11 and 12 
(UM 3.11.5, 3.12.5, 3.13.5) 

• METH0D must appear above the sub case level to select the method 
of eigenvalue extraction. 

• Constraints must be specified directly in Bulk Data (GRID or 
GRIDSET) or specified above the subcase level. Grid point dis­
placements specified with these constraint sets will be 
ignored. 

• Output from a Random Response Analysis may be selected only 
with the XY~UT options (UG 8.4). 

5.4 EXAMPLES OF CASE CONTROL DECKS 

The following are examples of commonly encountered Case Control Deck 
arrangements. Additional examples can be found in Chapter 7, as they 
apply to specific problems. The notes that are provided are intended to 
highlight the particular intent of the current example. 

Details already explained in preceding examples are not repeated. 

5.4.1 Example 1 - Multiple Static Loadings 

Card No. 

1 CEND 

2 TITLE = STATIC ANALYSIS OF D00R FRAME 

3 SUBTITLE = CL0SED P0SITI~N 

4 0UTPUT 

5 

6 

DISPLACEMENTS = ALL 

MPC = 3 
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7 

8 

9 

SPC = 15 

SET 1 = 256 THRU 289 

SET 5 = 15 THRq 20,· 23, 25, 101 THRU 123 

10 SUBCASE 1 

11 LABEL = DEC¢MPRESSI¢N 

12 L¢AD = 561 

13 ¢L¢AD = 1 

14 SUBCASE 2 

15 LABEL = REENTRY THERMAL 

16 TEMPERATURE (L¢AD) = 761 

17 STRESS = ALL 

18 SUBCASE 3 

19 LABEL = IMPACT 

20 SPC = 25 

21 L¢AD = 1061 

22 STRESS = 5 

23 BEGIN BULK 

Notes.: 1. Last card of Executive Control Deck 

2-3. Identifies basic problem and special conditions 

4-5. Overall output request for all gridpoint displacements 

. 6. Selects multipoint constraint set from Bulk Data Deck 

7.- Selects single point constraint set from Bulk Data 
Deck 

8-9. Defines sets of grid points and e~ements for selec­
tive output to be specified later 

10-13. First load subcase, label information, loading selec­
ted from Bulk Data and special output request for 
applied loads on grid point set #1 

14-17. Second load subcase, label information, thermal load 
set selection and special output request for stresses 
for all elements 

l8-22~ Third load subcase, label information, change in 
single point 'constraint set, load selection and lim­
ited stress output fo~. elements defined by set #5. 

23. Signals beginning of Bulk Data Deck to follow-
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5.4.2 Example 2 - Linear Combination of Subcases 

Card No. 

1 CEND 

2 TITLE - BUILDING ASG637-111-PG 

3 $ SET 1 GR~UND FL~~R AND FIRST FL~~R BEAMs 

4 SET = 1 THRU 25, 51 THRU 75, 

5 101 THRU 125, 151 THRU 175 

6 $ SET 2 SUPP~RT GRID P~INTS 

7 SET 2 = 1 THRU 26' 

8 DISPLACEMENTS = ALL 

9 ELF~RCE = 1 

10 ~L~AD = ALL 

11 SPCF~RCE = 2 

12 SUBCASE 10 

13 EL~RCE = N~NE 
14 DEF~RM = 10 

15 SPC= 10 

16 SUBCASE 20 

17 ELF~RCE = N~NE 

18 SPC = 20 

19 SUBC~M 31 

20 . LABEL = PRETENSI~N PLUS TWICE SUPPORT SETTLEMENT 

21 SUB SEQ = 1.0, 2.0 

22 SUBC~M 32 

23 LABEL = I>RETENSI~N MINUS TWICE SUPPORT SETTLEMENT 

24 SUBSEQ = 1.0, -2.0 

25 BEGIN BULK 

Notes: 3,6. Comment card to facilitate interpretation of 
set definition. 

11. Output request for support reactions on single 
point constraints and printout of gridpoint 
loading vector. 

12-15. First subcase, element deformation loading, 
suppression of element force output request 
above sub case level, and selection of single 
point constraint set. 

5-9 



16-18. Second sub case, enforced displacements at 
support specified by single point constraint 
set and suppression of element force' output. 
A null load vector will be" ~utput due to 
absense of direct applied "gridpoint loads. 

19-21. Combination subcase adding two previous sub­
cases, label information and coefficients for 
combination with output for displacements, 
element forces, reactions and applied loads. 

22-24. Combination sub case taking sub case 10 and 
subtracting twice subcase 20. Same output 
wi th new label. 

Special note should be made of the fact that NASTRAN applies the combination 
coefficients to the element stress and force results before they are cor­
rected for the DEF¢RM or TEMP(L¢AD) loading effects. These corrective effects 
are not multiplied by the combination coefficient when they are added to the 
combination loading ~esults. 

5.4.3 Example 3 ~ Statics Problem with Symmetry 

Card No. ' 

1 CEND 

2 TITLE = GR¢UND LEVEL ST¢RAGE TANK 

3 SUBTITLE = N¢N-SYMMETRIC L¢ADS 

4 SET 1 = 1, 11, 21, 31, 51 

5 SET 2 = 1 THRU 10, 101 THRUll0 

6 DISPLACEMENTS = ALL 

7 ELSTRESS = 2 

8 

9 

10· 

11 

12 

13 

14 

15 

16 

17 

18, 

¢L¢ADS = 1 

SYM 1 
, . 
SPC = 11. 

L¢AD = 21 

SYM 2' 

SPC = 12, 

L¢AD = 22 

SYMC¢M' 3 

SYMC¢M '4' 

SYMSEQ 1.0, -1.0 

BEGIN'BULK 
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~otes: 9-14. Definition of symmetric and anti-symmetric 
loads' and support conditions. 

15. Symmetric summation of subcases 1 and 2. 

16-17. Anti-symmetric combination of subcases 1 and 
2 •.. The output selected will be printed for 
all foursubcases. 

5.4.4 Example 4 - Use of REPCASE in Static Analysis 

Card No. 

1 CEND 

2 TITLE = FRAMING F0R BLDG 673-7A 

3 SUBTITLE ~ HEAVY EQUIPMENT L0ADING 

4 SET 1 = 1 THRU 10, 101 THRU 110, 201 THRU 210 

5 SET 2 = 21 THRU 30, 121 THRU 130, 221 THRU 230 

6 SET 3 - 41 THRU 100 EXCEPT 55, 57, 59, 61, 65, .72, 78, 95 

7 SUBCASE 1 

8 L~AD = 10 

9 SPC = 11 

10 DISP = ALL 

11 ELF~RCE = 1 

12 REPCASE 2 

13 ELF~RCE = 2 

14 REPCASE 3 

15 ELF~RCE = 3 

16 BEGIN BULK 

Notes: 8-11. Specifies load and support conditions to be 
analyzed and requests output for displace­
ments at all grid points and element forces 
for the elements in set #1. 

12-15. Specifies two subcases for output control for 
printing element forces for sets #2 and #3. 

5.4.5 Example 5 - Use of M~DES and PUNCH Output Options 

Card No. 

1 CEND 

2 TITLE = ~XTANK SUPP~RT SYSTEM WITH C0NSTRAINEDM~DES 

3 LINE = 40 

5-11 



4 

5 

6 

7 

8 

9 

10 

11 

12 

METH~D = 2 

SPC = 10 

SUBCASE 1 

DISP(PUNCH) = ALL 

STRESS = ALL 

M~DES = 2 

SUBCASE 3 

DISP = l\LL 

BEGIN BULK 

Notes: 3. Specifies 40 lines maximum per page of printout. 

4. Selects EIGR card from Bulk Data for specifica­
tion of method for eigenva1,ue extraction. 

6-9. Specifies displacements be punched and element 
stresses be printed for the first two modes. 

10-11. Specifies displacements be printed for all 
remaining modes. 

5.4.6 Example 6 - Use of S~RT2 Output Option 

Card No. 

1 CEND 

2 TITLE = TRANSIENT ANALYSIS ~FAXLE 

3 SUBTITLE = TRAVELLING WAVE 

4 TSTEP = 9 

5 IC = 9 

6 SET 1 = 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 

7 ~UTPUT 

8 DISP(S~RT2) = 1 

9 VEL~(S~RT2) = 1 

10 BEGIN BULK 

Notes: 4. Selects timestep definition from Bulk Data. 

5. Selects initial conditions from Bulk Data. 

7-9. Specifies output requests for displacements and 
velocities for all output time steps (S~RT2) at 
each grid point selected by set #1. The exci­
tation is produc'ed by initial conditions only. 

Special note should be taken that there is only one sub case here and, 
therefore, it need not be explicitely defined. 
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5.4.7 Example 7 - Use of XY0UT with Frequency and Ranqom Response 

Card No. 

1 CEND 

2 TITLE = DIRECT RAND0M RESP0NSE T0 PSD102-A 

3 SUBTITLE = CABINET 5A 

4 SPC = 11 

5 DL¢AD = 102 

. 6 FREQ = 101 

7 RAND0M = 2 . 

8 ¢UTPUT· 

9 SET 1 = 1 THRU 10, 101 THRU 110, 120, 130, 150 

10 SET 2 = 0.1, 0.3, 0.6, 1.2, 1.8, 2.4, 3.0 

11 0FREQ = 2 

12 ACCEL(S¢RT2,PHASE) 1 

13 SUBCASE 15 

14 LABEL = DAMPING.S0URCE T0P 

15 B2PP = TIEDAMP 

16 ¢UTPUT(XY0UT) 

17 TCURVE = PSD F0R T¢P DAMPING 

18 XYPRINT ACCE PSDF,15/1(Tl)/1(T2)/101(R3) 

19 BEGIN BULK 

Notes: 4-7. Specifies environment for the analysis including 
support conditions, frequency dependent dynamic 
load, the set of frequencies for solution and 
the power spectral density function. 

11. Specifies frequency set #2 for outputting 
results. 

12. Requests 'the acceleration for all output fre­
quencies for each grid point of set #1 in,magni­
tude/phase angle format. 

15. Specifies the direct input damping matrix. 

18. Requests output from the Random Response anal­
ysis consisting of the power spectral density 
function for the first sub case (#15) at grid­
point 1 (X-acceleration), gridpoint 1 (Y­
acceleration) and gridpoint 101 (Z-angular 
acceleration). 

5-13 

I 
I 



6. EXECUTIVE CONTROL DESCRIPTION 

6.1 GENERAL DESCRIPTION 

The Executive Control Deck serves to identify the job and the type of solu­
tion to be performed. It also declares the general conditions under which 
the job is to be executed, such as, maximum time allowed, type of system 
diagnostics desired, restart conditions, and whether or not the job is to 
be checkpointed. 

If the job is to be executed with one of NASTRAN's st.andard Rigid Formats, 
the number of that Rigid Format is declared. Any alterations to the Rigid 
Format that may be desired.would also be part of the Executive Control Deck. 
These a1te~ations would be specified as a set of DMAP instructions to be 
inserted ~nto the Rigid Format sequence (UM 5). 

If Direct Matrix Abstraction (UG 7.3) is used, the complete DMAP sequence 
must appear in the Executive Control Deck. These DMAP instructions allow 
the user to specify his own sequence of matrix operations independent qf 
the standard sequences provided by the Rigid Formats. 

The organization of the NASTRAN input deck is described along with the card 
format in Section 6.2. The Executive Control options are described in Sectfon 
6.3 and' summarized in Table 6-1. Examples are also provided in Section 6.4. 

6.2 INPUT SEQUENCE AND FORMAT 

The sequence of input cards for execution of a NASTRAN run begins with the 
required resident operating system control cards. The type and number of 
these cards varies with the conventions used at each computer installation. 
See the programming staff at that installation for instruction in the prepa­
ration of these control cards. Typical examples of the operating system con­
~ol cards used by NASTRAN are illustrated in Chapter 10 for all three main 
computer systems on which NASTRAN is maintained (PM 5). 

These operating system control cards are followed by the NASTRAN Data Deck, 
Figure 6-1, which consists of three sections: 

1. Executive Control Deck (described here) 
2. Case Control Deck (Chapter 5) 
3. Bulk Data Deck (Chapter 4) 

The Executive Control Cards' are summarized later in Table 6-1 and illustrated 
with examples in Section 6.4. They may occur in any sequence with only the 
following exceptions: 

NASTRAN keyword1 = value, keyword2 = value ••••• 

If this card is used, it must occur first preceding the 
Executive Control Deck. This card is used to modify standard 
default values of the NASTRAN Executive System parameters. 
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• Job Control Deck 

Bulk 
Data 
Deck 

= 878 

ENDDATA 

(Re uired) 

FIGURE 6-1. SAMPLE NASTRAN INPUT DATA DECK 
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ID Al,A2 

CEND 

This is the first card of the Executive Control Deck. 
It may be preceded only by the NASTRAN card, if used, 
and the operating system control cards. 

This card is the last card of the Executive Control Deck 
and is followed by the Case Control Deck. 

'",-
The ',Executive Control Card format is free field. The name of the operation 

"-(e.g.i CHKPNT, TIME, CEND, etc.), may begin in any card column and is fol-
lowed by the operand. The operand must be separated from the name by one 
or 'more blanks. The fields of the operand are separated by commas and may 

. . be integers (Ki) or alphanumeric (Ai) as indicated in the control card 
descriptions of Table 6-1. The first character of an alphanumeric field 
must be alphabetic, followed by up to 7 additional alphanumeric characters. 
If desired~ blanksmaybe.placed adjacent to separating commas for legibil­
ity. If a card ends with a comma, a continuation card will be expected. 
Comment cards ($ in column 1) may be inserted anywhere in the deck follow­
ing the ID card. The individual options are described next. 

6.3 EXECUTIVE CONTROL OPTIONS 

The Executive Control options are summarized in Table 6-1. Note that the 
DMAP options, which are included as part of the Executive Control Deck on 
input to,NASTRAN~ are not summari~ed here. See instead UG 7.3 for,examples 
and UM 5 for full detail on the individual DMAP instructions. The full 
explanation for each of the Executive Control options knd the operands Ai 
and Ki is found in UM 2.2.1, with examples in UM 2.2.2. Also, helpful refer­
ences for individual options are included in Table 6-1. 

6.3.1 Use of Executive Control Cards 

As already noted in the preceding section (6.2), the'NASTRAN card, when used, 
is always the first card in the input stream following the operating system 
control cards. Otherwise, the ID card is the first card and CEND is the 
last card of the Executive Control Deck. 

If a restart run is being made, the restart dictionary punched from the pre­
ceding run,must be includE;d. The RESTART card is the first card of the dic­
tionary which contains ,the user problem identifiers provided for the run being 
checkpointed. The last card contains the comment $ END OF CHECKP~INT 
DICTI~NARY. The information on the RESTART card is used by NASTRAN to check 
that the correct restart tape (Old Problem Tape) has been provided. If a new 
Rigid Format execution is to be made with the same model from a previous run, 
a restart with Rigid Format switch could s~ve processing time by not requir­
ing the regeneration of matrices saved from the earlier_run. If desired, the 
restart dictionary also may be modified to alter the reentry point used for 
the current problem (see UM 3.1.3 for detail). 
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EXECUTIVE CONTROL DECK ~ Directs NASTRAN Operations (UM 2.2, TM 1.3) 
Ai - alphanumeric, Ki - muneric 

NASTRAN Al=Kl, ••• Optional, changes default values of the NASTRAN 
Executive system parameters (UM 2.1, PM 6.3.1). 

ID Al,A2 Required, user problem identification. 

RESTART Al,A2,Kl/K2/!<3 Required if restart after checkpointin~. Use restart 
dictionary punched at time of checkpoint (UM 2.2.1). 

DrAG K 

UMF Kl,K2 

Optional, requests diagnostic output (UM 2.2.1, 
PM 3.3.11). 

Required if using User's Master File. May not be used 
if using Old Problem Tape (0PTP) (UM 2.5).---

CHKPNT .Al or Al,A2 Optional, requests checkpointing as specified in DMAP 
instructions. 

APP Al 

Kl,K2 . , 

Required, defines approach - DISPlacement for standard 
Rigid Format or DMAP for user:;pecified instructions. 

ALTER K or Kl,K2 

Required if using Rigid Format (UM 3.1 for options). 

Optional, to alter a set of rigid format instructions. 
Insert here user-specified ~ instructions (UM 5). 

ENDALTER 

~ K 

'UMFEDIT 

BEGIN$ 

END $ 

Required if using ALTER ends instruction set. 

Required, limits e~ecution time (minutes). 

Required if using User's Master File Editor (UM 2.5). 

Required if using ~ approach to begin DMAP. sequence. 

Required if using DMAP approach to terminate DMAP 
sequence. 

Required, signals end of Executive Control Deck. 

Rigid Format Summary (SOL Kl,K2) See UM 3.1 for K2 Options. 

Kl = 1 
Kl = 2 
Kl = 3 
Kl = 4 
K1 = 5 
Kl = 6 
K1 = 7 
K1 = 8 
Kl = 9 
K1 = 10 
K1 = 11 
K1 = 12 

Static Analysis (UM 3.2, TM 3.2) 
Static Analysis with Inertia Relief (UM 3.3, TM 3.2) 
Normal MOde Analysis (UM 3.4, TM 9.1) 
Static Analysis with Differential Stiffness (UM 3.5, TM 3.2) 
Buckling Analysis (UM 3.6, TM 3.2) 
Piecewise Linear Analysis (UM 3.7, TM 3.2) 
Direct Complex Eigenvalue Analysis (UM 3.8, TM 9.1) 
Direct Frequency and Random Response (UM 3.9, TM 9.1) 
Direct Transient Response (UM 3.10, TM 9.1) 
MOdal Complex Eigenvalue Analysis (UM 3.11, TM 9.1) 
Modal Frequency and Random Response (UM 3.12, TM 9.1) 
Modal Transient Response (UM 3.13, TM 9.1) 

TABLE 6-1 EXECUTIVE CONTROL OPTIONS 
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If DIAGnostics are desired, the "sense switches" K must be specified. See 
the list of alternatives in liM 2.2.1. If long runs are being made with the 
user monitoring the operator's console, a status report can be requested by 
inputting DIAG 5,6 to get BEGIN and END times for each functional module 
printed on the operator's console. Most of the options, however, are designed 
for use in progrannning development and debugging of NASTRAN."." Use of DMAP 
print utilities (UG 7.3) and NASTRAN's plot capabilities (UG" 8) are suggested 
for obtaining detailed information which would be helpful in finding an error 
in a structural model. 

If' a CHKPNT is requested (Al = YES), be certain a New Problem Tape is provided 
(UG 10). If a direct access disk is to be used in place of tape (A2 = DISK), 
instruct the resident operating system to permanently catalog the checkpoint 
file or use a private disk that may be stored off-line. 

To modify a Rigid Format sequence, use the ALTER card to add the desired DMAP 
i~structions. The sequence numbering of the resident Rigid Formats are pro­
vided in liM 3. More than one alter package may be used; however, each package 
must' terminate with ENDALTER. See UG 7.3 for examples of typical packages. 

To be assured that a checkpoint is taken before the "operating system termi­
nates ~ job for too little time, be certain to set the TIME operand K to. less 
than the time limit specified on the operating system run, job, or job step 
control card. That way NASTRAN will provide a normal exit, and the" punching 
of the checkpoint dictionary can be completed. 

If the UMFEDIT editing feature is to be used, be certain to mount the appro­
priateinput (UMF) and output (NUMF) tapes (liM 2;5 and UG 10). 

If the approach being used is APP DMAP, the desired DMAP instructions must be 
initiated with BEGIN$ and terminated with END$. Note that any alphanumeric 
commentary (except $) may be inserted between BEGIN and the dollar sign ($). 

6.4 EXAMPLES OF EXECUTIVE CONTROL DECKS 

Th'e following are examples of connnonly encountered Executive Control Deck 
arrangements. Additional examples can be found throughout Chapter 7. 

6.4.1 . Exa!!!Ele 1 - Cold Start! No CheckEoint 

Card No. 

1 ID MYNAME,BRIDGE23 

2 APP DISP 

3 S~L 2,0 

4 TIME 5 

5 DIAG 1,2 

6 CEND 
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Notes: 2. Execute-a displacement approach. 

3. Use the unmodified (K2=O), Rigid Format 2 - Static 
analysis with inertia relief. 

S. Request core memory dump if a nonpreface fatal message 
is generated, and print File Allocation Table (FIAT) 
(PM 2.4.1.2) following each call to the ~ile Allocator. 

6.4.2 Example 2 - Cold Start, Checkpoint, Modified System Parameters 

·Card No. 

1 NASTRAN BUFFSIZE=878,SYSTEM(4)=4 

2 ID PERS¢NZZ,SPACECFT 

3 CHKPNT YES 

4 APP DISP 

S. S¢L 1,3 

6 TIME 15 

7 CEND 

Notes: 1. Requests a change in GIN¢ buffer size for NASTRAN's 
own read/write routine, and requests that Unit 4 be 
used for reading the input data cards. 

3 •. Requests a checkpoint tape be written (New Problem 
Tape). 

5. Remove instructions for loop control which process 
additional sets of constraints (K2=3), Rigid Format 
1 - Static Analysis. 

6.4.3 Example 3- Restart, Checkpoint, Rigid Format Switch 

Card No. 

1 NASTRAN BUFFSIZE=878,SYSTEM(4)=4 

2 ID PERS¢NZZ, 

3 RESTART PERS0NZZ,SPACECFT,2/2l/72, 3353, 

4 1, XVPS, FLAG=O, REEL=l, FILE=6 

5 2, REENTER AT DMAP SEQUENCE NUMBER 7 

6 3, GPL, FLAG=O, REEL=l, FILE=7 

7 $ END ¢F CHECKP¢INT DICTI¢NARY 

8 

9 

APP 

S~L 

DISP 

3.,3 
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10 

11 

12 

Notes: 

TIME 

CHKPNT 

CEND 

1. 

2. 

3. 

.10 

YES 

The same NASTRAN card is used to retain system param­
eters of the original cold start run. 

New ID parameters specified to help identify the 
restart dictionary to be punched by this run. 

The first card of the restart dictionary punched by 
the previous run in which the CHKPNT option was selected. 
Data and time of execution is added to the checkpointed 
run ID to prevent inadvertent restart from the wrong 
tape. '(See UM 2.2.1 for explanation of cards to follow.) 

4-7. The 'restart dictionary identifying the data stored on 
the restart tape (Old Problem Tape) which was created 
as the New·Problem Tape on the previous run. 

9. Requests a switch to a normal modes analysis (Rigid 
Format 3), and removes the looping instructions for 
processing additional sets of constraints (K2=3). 

11. Requests a new checkpoint tape be written, a New 
Problem Tape for this run. 

6.4 .• 4 Example 4 - Restart, No .. Checkpoirtti Altered' Rigid Fomat 

Card No. 

1 ID PERS~NYY,PR~JECTY 

2 RESTART PERS~NZZ,SPACECRAFT, 3/1/73, 5351, 

3 1, XVPS, FLAGS=O, REEL=l, FILE=6 

4 2, REENTER AT DMAP SEQUENCE NUMBER 7 

5 3, GPL, FLAGS=O,: REEL=l, FILE=7 . 
. 

6 $ END ~F CHECKP~INT DICTI~NARY 

7 CHKPNT N~ 

8 APP DISP 

9 S~L 3,3 

QlO TIME .15 

11 ALTER 20 

12 MATPRN KGGX",,// $ 

13 TABPT 'GPST",,// $ 

14 ENDALTER 

15 CEND 
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Notes: 7. CHKPNT card is optional here since N0 is the default. 

11. Begin of ALTER package for inserting DMAP instructions 
after Rigid Format 3 sequence number 20. 

12. Request printout of stiffness matrix KGGX (UM 5.3.2, 
PM 2.2.1 and 2.3.9.1). 

13. Request printout of Grid Point Singulatity Table 
GPST (UM 5.3.2, PM 2.2.1 and 2.3.9.3). 

14. ENDALTER concludes the alter package. 

• 
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7 • EXAMPLE INPUT 

This chapter of the Users Guide is devoted to exemplifying the input data 
for solving actual problems. These examples are divided into groups, one 
for the standard application of the NASTRAN Rigid Formats and 'one for the 
specialized applications discussed earlier in Chapter 2. A third group 
iS,devoted to examples of pow to use the Direct Matrix Abstraction Program 
(DMAP) commands (UMS),either'by themselves, or in conjunction with the 
standard Rigid Formats. The standard application examples are extracted 
from the actual input data used for the problems discussed in the NASTRAN 
Demonstration Problem Manual. The user should refer to this manual for 
additional detail concerning the model and a discussion of the results. 
The specialized applications and the examples of how to use the DMAP 
commands, however, are not available as demonstration problems and the 
user is encouraged to actually execute these problems himself. 

7.1 STANDARD APPLICATIONS OF NASTRAN 

The current version of NASTRAN includes twelve Rigid Formats which are 
exemplified in Section 7.1.1 through 7.1.5, respectively, for Linear 
Static, Non Linear Static., Normal Mode, Complex Eigenvalue and Dynamic 
analysis capability. Each of these capabilities is summarized in Section 
2.2.1, and therefore, only the actual problem input will be discussed. 
The discussion of that input will highlight the points of particular 
interest to the user who may look at these input examples as a model for 
.his own data preparation. 

7.1.1 Linear Static Analysis (Rigid Formats 1 and 2) 

Linear static analysis (TM 3.1) of a fully constrained structure can be ana­
lyzed with Rigid Format 1. However, if the structure is not fully constrained, 
as could be ',~ case for aircraft, missile and ship analyses, Rigid Format 2 
can be used Lu compute the rigid body accelerations due to the imbalance in 
the applied loads. These rigid body accelerations are represented by compen­
sating inertial force systems (TM 3.6.3) which are added to the originally 
applied loads and the structure is then analyzed as a fully constrained model. 
These extra steps provided by Rigid Format 2 are required in order to obtain 
accurate element forces and stresses. The following examples illustrate the 
important options available with these two rigid formats including an axi­
symmetric structural analysis (TM 4.1). 

7.1.1.1 Rigid Format 1 - Shell with Symmetry Boundary Conditions 

This problem demonstrates the finite-element approach to the modeling of a 
uniform spherical shell. A spherical coordinate system is chosen to describe 
the location and displacement degrees of freedom at the grid poi~ts.: Tri­
angular plate elements are used to provide a nearly uniform pattern. Two 
s'ymmetric boundaries are used to analyze the structure with a symmetric pres­
sure load. Further modeling detaii is given in the Demonstrati.)n Problem 
Manual 1.2-1. The model and its loads are pictured below. 
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S>,irrnetrfc: 

Uniform Pr~ss~re 
Load 1 lb/ln. 

Symmetric 

~Iamped Support 
(Problem 1-2a) 

7-2 

o. -Grid 10 

6 -Plate Element 10 

R .. 90 in. 

Thickness = 3 in. 

Membrane Support 
(Problem 1-2) 



The analysis is carried out in two parts. First with the roller supports 
which produces primarily a membrane behavior. The second solution is a 
restart which solves the same problem but with a clamped edge support which 
induces bending moments at the boundary. 

7.1.1.2 Input Cards - Unc1amped Boundary,and Symmetry Plots 

Card No. 

1 ID DEMl02, NASTRAN 

2 UMF 21904 120102 

3 . CHKPNT YES 

4 TIME 5 

5 APP DISPLACEMENT 

6 S~L 1,1 

7 CEND 

8 TITLE = SPHERICAL SaELL WITH PRESSURE L0ADING, NIS M0MENTS ¢N 
B~UNDARY 

9 SUBTITLE = NASTRAN DliM0NSTRATI0N PR0BLEM N~. 1-2 

10 L¢AD = 1 

11 SPC = 2 

12 ~UTPUT 

13 DISP = ALL 

14 SPCF = ALL 

15 STRESS = ALL 

16 PL~T ID= NASTRAN DEM¢NSTRAT~N PR0BLEM N0. 1-2 

17 ¢UTPUT (P~T) 

18 PL~TTER SC 

19 MAXIMUM DEF~RMATI¢N 6.0 

20 ·SET 1 INCLUDE ELEMENTS TRIA2 . 

21 $ P~EL - EDGES AND CENTERLINE 

22 SET 2 INCLUDE, PL0TEL 

23 FIND SCALE ~RIGIN 1 

24 PL~T LABELS SYMB0LS 6 

25 PL~T STATIC DEF~RMATI~N 0,1, SET 1, ~RIGIN 1, SHAPE, LABELS 

26 PERSPECTIVE PR0JECTI~N 

27 FIND SCALE,~RIGIN 1000, SET 1,VANT P~INT, REGIi1N 0.3, 
O. 35 ,0 .1, O. 9, O. 8 • 
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28 PLmT SET 2, ~IGIN 1000, LABELS 

29 PL~T SET 1, ~RIGIN 1000, SYMB~LS 9, SHAPE, 

30 SET 1, ~RIGIN 1000 SYMB0LS 9 SHAPE SYMMETRY X, 

31 SET 1, ~RIGIN 1000 SYMB~LS 9 SHAPE SYMMETRY Y, 

32 SET 1, ~RIGIN 1000 SYMB~LS 9 SHAPE SYMMETRY XY 

33 PL~T STATIC DEF0RMATI0N 0,1, 

34 SET 2, ,0RIGIN 1000, SHAPE, 

35 SET 2, 0RIGIN 1000, SHAPE, SYMMETRY X, 

36 SET 2, 0RIGIN 1000, SHAPE, SYMMETRY·Y, 

37 SET 2, 0RIGIN 1000, SHAPE, SYMMETRY XY 

38 BEGIN BULK 

BULK DATA FIELD 

.. 
CARD 1 2 3 4 5 6 7 8 9 10 

~:iO.· . -!. ~ -,. .. v , 

39 C0RD2S' 2 .0 .0 .0 .0 .8 1. +C~Rl 

40 +c{6Rl 1. 0.0 0.0 

41 CTRIA2 1 31 1 6 26 .0 
· · · · · · · · · · · · · · · · · · · · · · · · 74 CTRIA2 34 31 24 25 23 .0 

75 GRDSET 2 
"' .... 

76 GRID 1 90. 7. .0 
· · · · · · · · · · · · · · · · · · · · · 101 GRID. 26 0 .0 .0 90.0 0 

102 MATI 1 3.+6 .1666 

103 PL~AD2 1 -1.0 1 2 3 4 5 6 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

108 PL¢AD2 1 -1.0 31 32 33 34 

109 ''PL~TEL 50 26 1 51 1 2 
· · · · · · · · · · · · · · · · · · · · · . 

118 PL~TEL 68 13 17 69 17 20 

119 PTRIA2 31 . 1 3. 

120 SPC 1 26 12456 0.0 

121 SPC1 1 346 1 2 3 4 11 16 +SPCl-2 
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CARD 1 2 3 4 5 6 7 .8 . 9 10 NO. 

122 +SPCl-2 20 23 

123 SPCl 1 123456 5 10 15 19 22 24 +SPCl-l 

124 +SPCl-l 25 

125 SPCl 2 2 10 15 19 22 24 

126 SPCl 2 .145 1 2 3 4 11 16 +SPC2-l 

127 +SPC2-l 20 23 

128 SPCl 2 2345 5 25 

129 SPCl 2 12456 26 

130 ENDDATA 

Notes: 1. NASTRAN run identifier. 

2. User Master File with tape number and problem identification 
number. 

3. 

4.-

5. 

6. 

7. 

10. 

11. 

12-15. 

16-18. 

19. 

20-23. 

Checkpoint is requested for restart with clamped boundary 
conditions. 

Limits execution time to 5 minutes. Local insta1latio? job card 
should provide a max time of more than 5 minutes to .allow NASTRAN 
to exit normally and punch the check point dictionary. 

The displacement approach is selected (the only current alterna­
tive is DMAP). 

Rigid Format 1 is to be executed without looping which allows 
NASTRAN to purge files when they are no longer required. 

End of NASTRAN Executive Control D~ck. 

Load condition 1 is the only loading. Note, since this implies 
only one subcase, no subcase delimiter is required. 

Selects' single point constraint set 112 from Bulk Data for sym­
metry boundary conditions and unc1amped supports. 

Specifies output for all gridpoint displacements, support reac­
tions and element stresses. 

Identifies plot label and Stromberg-Carlson plotter. 

Specifies the maximum displacement to be plotted to a scale of 
6 inches relative to the 90-inch radius of the sphere. 

Specifies element sets scaling factors and origin for plotting. 
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24. Plot first set of elements (set #1), undeformed and orthographic 
projection. 

Plot elements of set #1, deformed shape. 25. 

26-27. 

2B. 

29-32. 

Calls for perspective plots and definition of plot parameters. 

Perspective plot with PL~TEL only, undeformed. 

Perspective plot of all triangular plate elements fU11y'deve­
loped for'symmetry, undeformed (UM 4.2.2.3). 

33-37. Perspec.tive plot of all PL~TEL fully developed for symmetry, 
deformed. 

39-40. Defines orientation of spherical coordinate system. 

41-74. Triangular element connectivities. 

75. Sets default values 2 for the spherical coordinate system for 
output displacements at all grid points. 

76-101. Grid point data in spherical coordinate system. 

102. Material properties data. 

103-l0B. Pressure load data. 

109-l1B. Fictitious line elements for plot purposes. 

119. Triangular el~ment properties. 

120-124. Single point constraint set #1 including both clamped edge sup­
ports and symmetry boundary conditions. (Not selected in this 

- run.) 

125-129. Single point constraint set '#2 including unc1amped edge supports 
and symmetry boundary conditions. 

130. Signals the end of Bulk Data 

Special note that the degrees of freedom constrained by the single point 
constraint cards #120-129 are relative to a spherical coordinate system and 
not in the Basic X, Y, Z Syste~. 

7.1.1.3 Input Cards - Restart with Clamped Boundary 

Card No. 

1 ID DEMl02A, RESTART' 

2 TIME 5 

3 APP DISPLACEMENT 

4 S~L . 1,1 

5 RESTART DEMl02, NASTRAN 

6 1, XVPS FLAGS = 0, REEL = 1, FILE = 5 



7 . 2, REENTER AT DMAP SEQUENCE NUMBER 7 . . . 
105 98, REENTER AT DMAP SEQUENCE NUMBER 116 

106 99, QG FLAGS = 0, REEL = 1, FILE = 54 

107 100, XVPS FLAGS = 0, REEL =;: 1, . FILE. = 55 

108 $ END ~F CHECKP¢INT DICTI¢NARY 

109 CEND 

110 TITLE = SPHERICAL SHELL RESTART WITH CLAMPED B~UNDARY 

III SUBTITLE = NASTRAN DEM~NSTRATI~N PR~BLEM N~. 1-2A 

112 ECH~ = B~TH 
113 L~AD = 1 

114 SPC = 1 

115 ~UTPUT 

116 DISPLACEMENT = ALL 

117 SPCF~RCE = ALL 

118 ELF¢RCE = ALL 

119 STRESSES = ALL 

120 BEGIN BULK 

121 ENDDATA 

Notes: 5-108. Restart dictionary from previous run with unc1amped boundary. 
conditions. 

112. Requests printout of both the current Bulk Data Deck as input 
(only one card in this case, ENDDATA) and the sorted printout 
of the full Bulk Data Deck kept from the previous checkpoint 
as modified by the current input. 

113. Specifies the one pressure load condition. 

114. Selects single point constraint set #1 from Bulk Data for 
s~etry boundary conditions and clamped supports. 
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7.1.1.4 Rigid Format 1 - Nonsymmetric Bending of a Cylinder' 

This problem illustrates the application of the conical shell element and 
its related special data. This element uses the Fourier components of dis­
placement around an axisymmetric strUcture as the solution coordinates. The 
geometry of the structure is defined by rings instead.of grid points. Its 
constraints must be defined by the particular Fourier harmonics, and the 
loads must be defined either with special data or in a harmonic form. This 
element is used only for statics and inertia relief analysis and may not be 
used in conjunction with any of the other structural elements. 

The structure to be solved is a short, wide cylinder with a moderate thick­
ness ratio. The applied loads and the output stresses are pure uncoupled 
harmonics.

1 

" The basic purpose of this problem is to check the harmonic 
deflections, element s,tre~ses,. and forces. Further modeling. and loa~ing 
detail is given in the Demonstration Problem Manual 1.5-1. The model and 
its applied edge moment loading is pictured below. 

o Ring IO 

z 

Plane'of Synunetry 

\1 
y 

~--.!..----:, 

(~) 
/ 

/ 
/ 

- __ 41 
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7.1.1.5 Input Cards - Axisymmetric Model 

CARD 
NO. 

18 

19 · · · 
68 

69 

70 

.. 
111 

112 

Card No. 

1 ID DEMlOS, NAS TRAN 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1 

AXIC 

CC~NEAX · · · 
CC¢NEAX 

MATI 

mMAX · · · 
M~MAX 

PC~NEAX 

2 

20 

1 · · · 
50 

15 

15 
· · · 15 

15 

UMF 21904 130105 

TIME. 24 

APP DISP 

S~L 1,1 

CEND 

.. ": .... 
(4., : ..... t,o. 

TITLE = N~NSYMMETRIC BENDING ~F A CYLINDER ~F REV~LUTI~N 

SUBTITLE = NASTRAN DEM~NSTRATI~N PR~BLEM N~. 1-5 

L~AD = 15 

AXISYM = C0SINE 

~UTPUT 

SET 1 = 5,10,15,20,25,30,35,40,45,50,100 

SET 2 = 1,6,11,16,21,26,31,36.41,46,50 • • 

DISP = 1 

F~RCE = 2 

HARMONICS = ALL 

BEGIN BULK 

BULK DATA FIELD 

3 4 5 6 7 8 

15 100 1 
· · · · · · · · · 

15 49 50 

91.0 .3 .5 

50 0 157.0796 2.0 · · · · · · · · · · · · 100 20 157.0796 -1.0 

15 1.0 15 .083333315 1.0 
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CARD 
NO. 

1 2 3 4 5 6 7 8 9 10 

113 +PC 0.0 0.5 O. 90. 180. - -

114 P~INTAX 200 100 

115 RINGAX 1 50.0 1.0 4 
· · · · · · · · · · · · · · · · · · 165 RINGAX 100 50.0 .0 1234 

166 ENDDATA 

Notes:- 10. Constra:1,ns the motions ,to be symmetric with respect, to t;:he X-Y 
plane. ,,' 

~4. Selects displacement output for rings specified'inset #1, each 
harmonic will be output separately. 

15. Selects element forces for all conical shell elements in set #2. 

16'. Output is to be printed for all harmonics of the applied load. 

18. Required to define existence of an axisymmetric conical shell 
problem and specifies 20 harmonics to be used. 

19-68. Conical shell element connectivities. 

69. Specifies material properties. 

70-111. Specifies edge moment loading for each harmonic. 

112-113. Conical shell properties. 

114. Defines the ID and location of a point on a RINGAX at which 
the moment can,be applied. 

115-165. Specifies location of axisymmetric rings. 

Special note that if the user had referenced point 200 in SET 1 he would be 
referencing the P~INTAX location and would obtain the sum of all displacement 
harmonics. This same P~INTAX could be used to input'a concentrated moment 
at point 200 and NASTRAN would evaluate the appropriate harmonic coefficients • 

• 
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7,.1.1. 6 Rigid Format 2 - Free Body Ring 

This problem illustrates the use of inertia relief analysis to'solve a free­
body problem. In inertia relief the structure is under constant accelera~ 
tion due to the applied loads; the reactions to the applied load are due to 
the masses of the structure. Ficticious, nonredundant, support points must. 
be provided to define a reference system attached to the body. The dis­
placements of the body are measured rel~tive to the supported coordinates. 

The basic problem is illustrated below. The structure consists of a spin­
ning ring with a constant radial load applied to one point. The rotational 
velocity creates centrifugal loads and the point load causes inertial reac­
tions. The actual dynami~ motion of the whole structure is a cyclic motion 
of the center point coinciding with the rotation of the ring. The disp'lace­
ments measured by the inertia relief analysis, however, will be the stati~. 
motion relative to the support point displacements. The displacements are 
defined in a cylindrical coordinate system (ul = ur ' u2 = u~, u3 = uz)· 
See the Demonstration Problem Manual 2.1-1 for further modeling details and 
a discussion of the theoretical solution. 

u· r 

w~ 

(0 
R = 10 

Fictitious. Supports 
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7.1.1.7 Input Cards - Inertial Relief 

CARD 
NO. 

19 

20 " 

21 
· · · 66 

67 

68 

69 

Card No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1 

-~-" 

BAR!6R 

CBAR 

+Bl · · · CBAR 

+B24 

C!6RD2C 

ID DEM201, NASTRAN 

uMF 21904 160201 

TIME 5 

APP DISPLACEMENT 

S!6L 2,1 

CEND 

TITLE = INERTIA RELIEF ANALYSIS !6F A CIRCULAR RING 

LABEL = C~NCENTRATED AND CENTRIFUGAL L~ADS 

SUBTITLE = NASTRAN DEM!6NSTRATI~N PR~BLEM N~. 2-1 

L!6AD = 3 

!6UTPUT 

DISP = ALL 

!6L~AD = ALL 

SPCF!6RCE = ALL 

STRESSES == ALL 

SET 1 = 1,6,7,12,13,18,19,24 

ELF~RCE = 1 

BEGIN BULK 

BULK DATA FIELD 

2 3 4 5 6 

·5 1.0 

1 1 2 

-1.0 0.0 0.0 · · · · · · · · · 24 24 1 

-1.0 0.0 . 0.0 

2 0 0.0 10.0 0.0 

7 8 9 

0.0 0.0 1 

1 

-1.0 0.0 0.0 · · · · · · 1 

-1.0 0.0 0.0 

0.0 "10.0 1.0 

+C~RD O. 9.0 0.0 
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CARD 
1 2 5 6 7 9 NO. 3 4 8 10 

70 F~RCE 1 13 2 100.0 1.0 .0 .0 

71 GRDSET 2 2 34-5 

72 GRID 1· 11.0 0.0 0.0 
· · · · · · · · · · . · · · · · 96 GRID 25 2 0.0 0.0 0.0 123456 -

97 L~AD 3 1.0 1.0 1 1.0 2 

98 MATI 1 1000.0 400.0 .5 +MATI 

99 +MATI 100 200. 300. 

100 PARAM GRDPNT 19 

101 PBAR 5 1 1000.0 10. 10. +PS 

102 +P5 1.0 1.0 -1.0' -1.0 

103 RF~RCE 2 25 2 .159155 0.0 0.0 1.0 

104 SUP~RT 1 2 1 1 13 2 

105 ENDDATA 

Notes: 5. Selects Rigid Format 2 without looping instructions to allow 
removal of files not required. 

10. 

13. 

16-17. 

19. 

20-67. 

68-69. 

70. 

71. 

72-96. 

97. 

100. 

101. 

103. 

104. 

Load set selection required for Rigid Format 2. 

Requests for all grid points, the output of non-zero components 
of load. 

Requests element forces for all elements selected in set #1. 

Specifies beam properties and orientation default. The orienta­
tion is defined in terms of the displacement coordinate system 
of the BAR origin grid points, which in this case are cylindri­
cal systems. 

BAR element connectivities and offset vectors. 

Definition of cylindrical coordinate system. 

Specifies a force applied at grid point 13 in coordinate system 
2 for loading number 1. 

Provides gridpoint default input and displacement coordinate 
system and single point constraints. 

Gridpoint definition. 

·Static load combination of load sets 1 and 2. 

Sets a parameter to generate weight and balance information 
referenced to grid point 19. 

BAR element properties. 

Defines a centrifugal force field for load set 2. 

Specifies fictitious supports for determinate reactions to be 
applied to constrain the free body motion. 
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7. L 2 Non-Linear Static Analysis CRigid Formats 4, 5 and 6) 

NASTRAN offers three Rigid Formats for non-linear static analysis: 

R.F.4 - Differential Stiffness (TM 7.1) 
R.F.5 - Buckling (TM 7.1) 
R.F.6 - Piecewise Linear (TM 3.8) 

A brief summary of each analysis has already been presented in Section 2.2.1.2 
of this User's Guide. • An example follows for each of these Rigid Formats. 
The first two examples deal with obtain~ng the second order non-linear effects 
due to large ,deflections. The third treats 'the non-:linear effects of stress 
dependent material properties representative of plastic behavior without 
hysteresis. 

7. L 2,.1 Rigid Fo,rmat 4 - Differential Stiffness of a Beam 

This case illustrates the use of differential stiffness to solve for the non­
linear effects of a 100-cell beam under axial compression. The internal loads 
in the beam create a differential stiffness for the bending deflections, 
which ultimately will result in buckling of the beam. The structural model, 
illustrated below, is a uniform cantilever beam with an offset load on the 
free end simulated by a force and a moment. See the Demonstration Problem 
Manual 4.1-1 for model and loading detaiL 

y t ~ Grid Point 10's, 

/.J-.-------~' 1 = 104 ) 

7.1.2.2 Input Card~ - Large Deflection Analysis 

,Card No. 

1 ID DEM401, NASTRAN 

2 UMF· 21904 230401 

3 APP DISPLACEMENT 

4 S~L 4,0 
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5 TIME 6 

6 CEND 

7 TITLE = DIFFERENTIAL STIFFNESS ~F A 100 CELL BEAM 

-8 SUBTITLE = NASTRAN DEM~NSTRATI~N PR~BLEM N¢. 4-1 

9 L¢AD = 2 

10 SPC = 2 

11 ~UTPUT 

12 SET 101 = 6,11,16,21,26,34,36,41,46,51,56,61,66, 

13 71,76,81,86,91,96,101 

14 SET 102 = 1,11,21,31,41,51,61,71,81,91,100 

15 DISP = 101 

16 ELF¢RCE = 102 

~7 SUBCASE 1 

18 ~UTPUT 

19 LABEL = LINEAR CASE 

20 SET 103 = 1, '50, :100 

21 F¢RCE = 103 

22 ¢L~AD .;. ALL 

23 SUBCASE 2 

24 DSC¢EFFICIENT = 200 
• 

25 LABEL = LARGE DISPLACEMENT CASE 

26 BEGIN BULK 

BULK DATA FIELD 

--

CARD 1 2 3 4 NO. 
5 6 7 8 9 10 

27 BAR¢R 0.0 1._0 0.0 1 

28 CHAR 1 17 1 2 . • · · · - · · · · · . · · · · · · · · · .- • · · · · · · · · 127 CBAR 100 17 100 101 

128 DSFACT 200 9.0 16.0 24.0 

129 ~RCE1 3 101 9.8960 101 1 

130 GRDSET 345 
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CARD 1 2 3 4 5 6 7 8 9 10 NO. 

131 GRID 1 .00 .00 .00 · · · · · · · · · · · · · · · · · · . 
231 GRID 101 10000.0 .00 .00 

232 I4AD 2 1.00E02 1.0 3 1.0 1 

233 MATI 3 1.0+8 4.0+7 

234 M~MENT 1 101 9.8960 .0 .0 1.0 

235 (6MITI 621 2 4 6 8 10 12 14 +1 

236 +1 16 18 20 22 24 26 28 3.0 +2 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 241 +6 96 98 100 

242 PARAM GRDPT 1 

. 243 PARAM IRES 1 

244 PBAR 17 3 1.0+2 1.0+4 1.00 +PBAR 

245 +PBAR 5.0 0.0 0.0 5.0 

246 SPC 2 1 126 
/ 

247 ENDDATA 

Notes: 4. Selects Rigid Format 4 for a Differential Stiffness Analysis. 

9. Selects the preload condition from which the "differential stiff-
ness" matrix is to be computed. ' 

17. Delimits the first subcase for the linear static analysis under 
load set 2. 

20-22 Defines a new set of elements for printout of element forces 
overriding the request for element forces in set #102 that was 
specified above the subcase.level. 9utput will also be provided 
for the displacements of all grid points in set #101' and for all 
the non-zero components for load set 2. 

23. Delimits the second subcase required for performing the non­
linear segment of the analysis. 

24. Selects the DSFACTcard from Bulk Data that specifies the load 
increments to be analyzed. 

25. Provides the information for the labeling printout. All the out-· 
put requested above the subcase level will be provided. 

27-127. Defines the beam element orientation and connectivity data. 
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128. Defines three .load factors to be applied to the preload for the 
purpose of computing the non-linear response including differ­
ential stiffness effects. 

129. Specifies a force to be applied at grid point IIlO!. 

130-231. Defines gridpoint locations and default single point constraint 
data. 

232. Defines load set 2 which is a combination of load sets 3.an4 1. 

233. Specifies the material proper·ties. 

234. Specifies a moment load applied to grid point 11101. 

235-241. Selects degree of freedom components 1, 2 and 6 to be reduced 
out Qf the matrix equatio~s by a Guyan reduction (TM 3.5.4) for 
the specified set of grid points. 

242-243. Sets two parameters to obtain weight and balance information 
(GROPT) and the printing of the residual vector (IRES) after 
each execution of SSG3 which c~mputes the solution displacement 
vector •. 

244-245. Spe~ifies beam element properties. 

246. Defines cantilever support single point constraints. 
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• 

7.1. 2.3 Rigid Format '5 - Symmetric Buckling of a Cylinder 

This problem demonstrates the use of buckling analysis to extract the criti­
cal loads and the resulting displacements of a cylinder under axial loads. 
The Buckling Analysis rigid format solves the statics problem to obtain the 
internal loads in the elements. The internal loads define the differential 
stiffness matrix [Kd] which is proportional to the app1~ed load. The load 
factors, Ai' which causes buckling are defined by the equation: 

(Ai[Kd] + [Ki){ui} = 0 

. where [K] is the linear stiffness matrix. 'This equation is solved by the 
Real Eigenvalue Analysis methods for positive eigenvalues Ai' Ai is the 
multiplying factor, which when applied to the preload will produce buckling. 
More; than one mode of buckling can be extracted if so 'desired. 

The problem as illustrated below; consists of a short, large radius cylinder 
under a purely axial compression load. A section of arc of 6 degrees is 
used to model the axisymmetric motions of the whole cylinder. See the 
Demons~ration Problem Manual 5.1-1 for the theoretical solution . 

~Sect1on of structure 
Used in Model 
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7.1.2.4 Input C~rds - With Structural Plotting 

Card No. 

1 ID DEM501, NASTRAN 

2 UMF 21904 170501 

3 APP DISPLACEMENT 

4 S~L 5,1 

5 TIME 16 

6 CIDID 

7 TITLE = SYMMETRIC BUCKLING ~F A CYLINDER 

8 SUBTITLE = NASTRAN DEM~NSTRATI~N PR~BLEMN~. 5-1 

9 SPC = 1 

10 L~AD = 100 

11 ~UTPUT 

12 SET 1 = 1 THRU 33 

13 SET 2 = 2,6,10,14,18,22,26,30,34,38,42,46,50,54,58,62, 

14 66,70,74,78 

15 DISPLACEMENTS = 1 

16 SPCF~RCE = ALL 

17 ELF~RCE = 2 

18 ELSTRESS = 2 

19 SUBCASE 1 

20 LABEL = STATICS S¢L~I¢N 

21 ~UTPUT 

22 ~L~AD = ALL 

23 SUBCASE 2 

24 . LABEL = BUCKLING S~LUTI¢N 

25 METH~D = 300 

26 $ 

27 PL~TID = NASTRAN DEM¢NSTRATI¢N PR¢BLEM N¢. 5-1 

28 ~UTPUT(PL~T) 

29 PL~TTER SC 

30 SET 1 INCLUDE TRIAl 

31 $ 

32 PERSPECTIVE PR~JECTI~N 
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33 AXES Y, X, MZ 

34 FIND SCALE,0RIGIN 1, VANTAGE P0INT 

35 PL0T LABELS,SYMB0LS 6,5 

36 $ 

37 0RTH0GRAPHIC PR0JECTI0N 

38 MAXIMUM DEF0RMATI0N 3.0 

39 FIND SCALE, 0RIGIN 2 

40 PL0T STATIC DEF0RMATI0N 0,1, 0RIGIN 2, LABELS, SHAPE 

41 PL0T M0DAL DEF0RMATI0N 2, RANGE 0.5, 3.0, 

42 0RTGIN 2, VEC~0R R, SYMB0LS 5,6 

43 VIEW 0.0, 0.0, 0.0 

44 FIND SCALE, 0RIGIN 1 

45 PL0T M0DAL DEF0RMATI0N 0.2, RANGE 0.0, 200.0, ~RIGIN 1, SHAPE 

46 BEGIN BULK 

,BULK DATA FIELD 

CARD 1 2 3 4 5 6 7 8 9 10 
NO. 

47 C0RD2C 100 0 25.0 .0 80.0 50.0 .0 80.0 +C0RD100 

48 +C0RD100 25.0 0.0 0.0 

49 CTRIAl 1 200 1 2 51 .0 
· · · · · · · · · · · · · · · · · · · · · · · , . 

128 CTRIAl 80 200 33 30 79 .0 
" 

129 EIGB 300 DET .10 2.5 4 4 0 1.5E-OS +EIGB300 

130 +EIGB300 MAX 

131 F0RCE 1 1 100 1.0+3 0.0 0.0 0.5 · · · · · · · · · · · · · · · · · · · · · · · · · · · 136 F0RCE 1 33 100 1.0+3 0.0 0.0 -0.5 

137 GRDSET 462 

138 GRID 1 100 80.0' -3.0 -25.0 100 
· · · · · · · · · · · · · · .. • · · · · · · · · 190 GRID 79 100 80.0 1.5 22.5 100 

0 

191 L0AD 100 1.0 1.897 1 

192 MATI 400 1.+4 .0 
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CARD 1 2- 3 4 5 6 7 8 9 10 NO. 

193 PARAH IRES 1 
-

194 PTRIAl 200 400 2.5 400 1.302 +PTRIAl* 

195 +PTRIAl* 1..510 0.0 

196 SEQGP 51 2.5 ·52 3.5 54 5.5 55 6.5 · · · · · · · · · . · · · · · · · · · -. · · · · · · · · · . 
200 SEQGP 75 26.5 76 27.5 78 29.5 79 30.5 

201 SPC 50038 17 3 .0 

202 SPCl 50037 1 1 2 3 31 32 . 33 

203 SPCADD 1 50037 50038 

204 ENDDATA . 

Notes: 4. Selects Rigid Format 5 for Buckling Analysis. 

9-10. Selects single point constraint and preload sets from Bulk Data. 
Required to be specified above the subcase level. 

19. Subcase delimiter for linear static analysis of preload' condition. , 
23. Subcase delimiter for Buckling Analysis. 

25. Selects method for Real Eigenvalue Extraction from Bulk Data. 
Output will be that selected above the sub case level. 

27. Specifies labeling information to identify plots. 

28-29. 

30. 

32. 

33. 

34. 

35. 

37. 

3S. 

39. 

40. 

41-42. 

43-44. 

Selects structural plotter package and Stromberg Carleson plotter. 

Defines set of all triangular elements (TRIAl) to be plotted. 

Calls for perspective projection. 

Defines orientation of model relative 'to view axes. 

Sets pl,otting parameters. 

Plots undeformed model with element set #1. 

Calls for orthographic projection. 

Specifies the maximum displacement to be plotted to a scale of 
3 units relative to the SO-unit radius of the cylinder model. 

Sets plotting parameters. 

Calls for a deformed structural plot of the static preload defor­
mations, Subcase 1. 

Calls for plotting of all buckling mode shapes within the eigen­
value range of 0.5 to 3.0 without showing the undeformed model. 

Defines the view angle and defines plotting parameters. 
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45. 

47-48. 

49-128. 

129-130. 

131-136. 

137-140. 

191. 

193. 

194-195. 

196-200. 

201-202. 

203. 

Calls for plotting of all puckling mode shapes within the range 
of 0.0 to 200.0 superimposed on a plot of the undeformed model. 

Defines a cylindrical coordinate system. 

Specifies the triangular element connectivities. 

Provides the parameters for the Determinant method of real 
eigenvalue extraction. 

Defines the forces to.be applied. 

Defines grid point locations and default single point constraints. 

Scales the applied load set #1. 

Calls for printing of residual vectors after static solution. 

Triangul~r element properties. 

Gridpoint sequencing to improve banding of the stiffness and 
differential stiffness matrices. 

Single point constraint set definitions. 

Union of single point constraint sets. 
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• 
7.1.2.5 Rigid Format 6 - Piecewise Linear Analysis with Beam Elements 

This problem, as shown below, il~ustrates elastic-plastic deformation of a 
three-panel truss subjected to concentrated gridpoint loads. Piecewise 
Linear Analysis involves loading the truss in increments and recalculating 
the material properties for each element as a function of the element stres­
ses for the last load increment. The new stiffness matrix is used to solve 
for the change in the deflection caused by a new increment in load. The 
sum of all these increments represent the final solution (TM 3.8). This 
problem, though a "standard" demonstration problem,is not described in the 
manual. 

T 
240. 

I- 180 180 

& 

180 'f 

o Grid Points 

6Element 10 

& ill & l~--------~--------~--------~~ 
0. 

~ 
120. 240. 

7.1.2.6 Input Cards - Stress Dependent Materials 

Card No. 

1 10 DEM60l, NASTRAN 

2 UMF 21904 180601 

3 APP DISPLACEMENT 

4 S0L 6,0 

5 TIME 5 

6 CEND 

7 TITLE = PIECEWISE LINEAR ANALYSIS 0F A THREE-PANEL TRUSS 

8 LABEL = NASTRAN OEM0NSTRATI0N PR0BLEM N0. 6-1 

9 SPC = 1 
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10 L0AD = 1 

11 PLC0EFFICIENT = 4 

12 0UTPUT. 

13 SET 1 = 1,2,3,4,5,6, THRU 10 

14· DISPLACEMENT = 1 

15 SPCF0RCE = ALL 
• 

16 ELF0RCE = 1 

17 ELSTRESS = ALL 

18 0L0AD = 1 

19 $ 

20 PL0TID = NASTRAN DEM0NSTRATI0N PR0BLEM N0. 6-1 

21 0UTPUT(PL0T) 

22 PL0TTER SC 

23 CAMERA 3 

24 VIEW 0,0, 0.0, 0.0 

25 AXES Z, X, Y 

26 MAXIMUM DEFORMATION 60.0 

27 SET 1 INCLUDE R¢D 

28 FIND SCALE, 0RIGIN I, SET 1 

29 PL¢T LABELS 

30 PL0T STATIC DEF0RMATI¢N 0,1 THRU 4, MAXIMUM DEF¢RMATI0N 1. 3, 
SHAPE. LABELS 

31 BEGIN BULK 

BULK DATA FIELD 

CARD 1 2 3 4 5 6 7 8 9 10 NO. I 

32 CR0D 1 1 1 2 

33 CJWD 2 2 1 3 

34 CR¢D 3 3 2 3 

35 C~D 4 1 2 4 

36 CRi6D 5 4 3 4 . 
37 CR0'D 6 3 3 5 

". 

38 C~ 7 3 4 5 
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CARD 
2 4 7 8 9 10 

NO. 1 3 5 6 

39 CR¥iD 8 2 5 6 

40 CR0D 9 1 4 6 

41 FrnCE 1 2 0 120.0- -1.0 

42 F0RCE 1 4 0 240.0. -1.0 

43 GRID 1 0 .0 .0 .0 0 3456 

44 GRID 2 0 180.0 .0 .0 0 3456 

45 GRID 3 0 180.0 240.0 .0 0 3456 

46 GRID 4 0 360.0 .0 .0 0 3456 

47 GRID 5 0 360.0 240.0 .0 0 3456 

48 GRID 6 0 540.0 .0 .0 0 3456 

49 MATI 1 3.0+4 .3 *MAT1 

50 *MAT1 16.99235344 11.814744801 1.E04 

51 MATI 2 I 3.0+4 1 .3 I *MAT-1 

52 *MAT-1 18.82057716 100.0 200.0 

53 MATS 1 2 1000 

54 PARAM IRES 1 

55 PLFACT 4 1.0 2.0 2.5 

56 P~D 1 1 7.97 

57 PR0D 2 1 21.16 

58 PR~D 3 1 11. 77 

59 PR¢D 4 2 7.97 

60 SPC 1 1 1 .0 1 2 .0 

61 SPC 1 6 2 .0 

62 TABLES 1 1000 *1001 

63 *1001 0.0 0.0 2.0911766-4 6.273525 *1002 

64 *1002 4.1823532E-04 10.0 5.61167508E-4 11.0 *1003 

65 *1003 1.0561495E-03 13.0 ENDT 

66 ENDDATA 
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Notes: 4. .Selects Rigid Format 6 for Piecewise Linear Analysis. 

• 

9-11. Only one sub case allowed (here it is implied by lack of sub case 
delimiter). Selects single point constraint and load set from 
Bulk Data. Also selects PLFACT for increments to be applied to 
the-load for each step of the analysis. 

12-18. Specifies the desired printout of results. The results for 
elements with stress dependent material properties will be 
printed out for each load increments, otherwise only the cumula­
tion stresses will be printed. All other selected output will 
be printed for the cumulation results at each load increment. 

23. Requests three blank frames be skipped before pl~tting the next 
request. 

29. Requests plot of undeformed structure for element set #1 (default 
to first defined set). 

30. Requests plot of deformed shape superimposed on undeformed plot 
for load increments 1 through 4 and defines the same deformation 
factor for all load increments. However, in this problem, only 
tQree increments are specified • 

. 49-50. 

51-52. 

53. 

55. 

56-59. 

62-65. 

Specifies material properties which are not stress dependent. 
Uses a double precision continuation card format. 

Specifies material properties which are stress dependent. 

Specifies table reference for stress dependent material property 
factors. 

Provides for three load inc~ements. 

Elem~nt properties. 

Tabular definition of stress dependent properties using double 
precision continuation card format. The abscissa (X-entry) 
represents the strain (E) and the ordinate (Y-entry) represents 
the corresponding stress. At each load increment NASTRAN 
recomputes Young's Modulus (E) to be applied for the next load 
increment (TM 3.8.3). The algorithms used differ with element 
type (TM 3.8.4). 
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7.1. 3 Normal Modes Analysis . (Rigid Format 3) 

The Normal MOdes Analysis capability of NASTRAN (TM 9.2.1) is provided with 
Rigid Format 3. Section 2.2.1.3 of this Guide summarizes this capability 
which is, perhaps, the most commonly used tool for preliminary dynamic 
analyses. It provides an insight to the expected behavior of an undamped 
structural model in terms of its natural frequencies and modes of vibration. 
The following example illustrates the input required. 

7.1.3.1 Rigid Format 3 - Normal Modes Analysis 'of a Plate 

This problem demonstrates the solution for'natural frequencies of a large­
order problem. The structural problem consists of a square plate with 'hinged 
supports on all boundaries. The 10x20 model, shoWn below, uses one half of 
the structure and synnnetric boundary constraints on the mid-line in order 
to reduce the order of the problem and the bandwidth by one-half. The results 
of this analysis can be found in the Demonstration Problem Manual 3.1. 

Because only the bending modes are desired, the in-plane deflections and 
rotations normal to the plane are constrained. The inverse power method of 
eigenvalue ,extraction is selected and both structural mass density and non­
structural mass~per-area are used to define the mass matrix. 

·1-

@ 

Hinged 
Supports 
U =6 =0 z y 

• --­y 

~ ~ 

---

t = 

Hinged 
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~ < 

Synnnetric Boundary 
6 = 0 
y 
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7.1.3.2 Input ·Cards - With Structural Plotting 

Card No. 

1 ID DM301x20, NASTRAN 

2 . UMF 21904 290301 

3 APP nISPLACEMENT 

4 S0L 3,1 

5 TIME 32 

6 CEND 

. 7 TITLE = VIBRATI0NS 0F A 10 BY 20 PLATE 
• 

8 SUBTITLE = NASTRAN DEM¢NSTRATI0N PR¢BLEM N0. 3-1 

9 $ 

10 SPC = 37 

11. METH~D = 3 $ INV -ENCL~SES 1 ~DE - FINDS 3 R~0TS 

12 $ 

13 0UTPUT 

14 SET 1 = 1 THRU 11,34 THRU 44,56 THRU 66,78 THRU 88,111 THRU 121 

15 SET 2 = 1 THRU 12,22,23,33,34,44,45,55,56,66,67,77,78,88,89, 

16 99,100,110 THRU 121 

17 DISPLACEMENTS = 1 

18 SPCF0RCE = 2 

19 $ 

20· PL0TID = NASTRAN DEM0NSTRATI0N PR0BLEM N~~ 3-1 

21 0UTPUT(PL0T) 

22 PL0TTER SC 

23 SET 1 INCLUDE PL0TEL 

24 SET 2 INCLUDE QUAD1 

25 MAXIMUM DEF¢RMATI0N 1.0 

26 FIND SCALE, 0RIGIN 10 

27 PL0T 0RIGIN 10, SET 2, LABELS 

28 FIND SCALE, 0RIGIN 11 

29 PL0T M0DAL DEF0RMATI0N 1, 0RIGIN II, SHAPE 

30 BEGIN BULK 
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BULK DATA FIELD 

CARD 
l 2 3 4 5 6 7 8 9 10 

NO. 

31 CQUAD1 'I 23 1 2 13 12 .00 
· · · · · · ' · · · · · · · · · · · · · · · · · · · · · 230 CQUAD1 219 23 219 220 231 232 .00 

231 EIGR 2 INV .85 .89 1 1 0 CSIMPL-1 

232 +SIMPL-1 MAX 
· · · · · · · · · · · · · · · · · · · · · · · · · · · .. 

251 EIGR 12 DET :89 29.0 20 20 0 +EIG1220 

252 +EIG1220 MAX 

253 GRDSET 126 

254 GRID 1 .0000 .000 .000 
· · · · · · · · · · · · · · · · · · · · · · · · · . · · 484 GRID 231 10.000 20.000 .000 

485 MATI 2 3.0+7 .300 200.0 +MAT1 

486 +MAT1 30000. 28000. 

487 PARAM GRDPNT III 

488 PL~TEL 301 1 11 302 11 231 
· · · · · · · · · · · · · · · · · · · · · · · · · · · 536 PL~TEL 397 36 25 398 25 3 

537 PQUAD1 23 2 1.0 2 .083333 . 6.04303 +PQUAD1 

538 +PQUAD1 0.5 0.0 

539 SPC1 37 5 1 12 23 34 45 56 +31001H 

540 +31001H 67 78 89 100 111 122 133 144 +31002H 

541 +31002H 155 166 177 188 199 210 221 
· · · · · · · .. · · · · · · · · · · · · · · · · · · · 

547 SPC1 37 35 221 222 223 224 225 226 +21001H 

548 +21001H 227 228 229 230 231 

549 ENDDATA 

Notes: 4. Selects Rigid Format 3 for a Normal Modes Analysis. 

11. Selects method of real eigenvalue extraction from Bulk Data. 

13-18. Requests printout of results. 

7-30 

• 



20-27. 

28-29. 

31-230. 

231-252. 

253-484. 

488-536. 

537-538. 

539-548. 

Sets up for orthographic projection plotting of the original 
model, undeformed. 

Sets up for orthographic projection plotting of the mode 
shapes using the first element set (PL~TEL) for each of the 
three mode shapes generated. 

Quadrilateral plate element connectivities. 

Specify methods for real eigenvalue extraction. 

Grid point location and default single point constraints. 

Defines line elements for plotting. 

Quadrilateral plate e1em7nt properties. 

Single point constraints to define support conditions and 
symmetry boundary conditions. 
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7.1. 4 Complex Ei&envalue Analysis (Rigid Formats ,7 and 10) 

Both, a direct (Rigid Format 7) and a modal (Rigid Format 10) approach are 
available for complex eigenvalue analysis in NASTRAN (TM 9.2.2). Section 
2.2.1.4 of'this Guide summarizes the features of these two approaches. 
The examples follow illustrate the input data for the corresponding problems 
described in the Demonstration Problem Manual. The first is a simple vibra­
ting string problem. The second is a practical definition of a controls 
systems analysis. 

7.1.4.1 Rigid Format 7 - Damped Vibration of a String 

This problem demonstrates both the use of-direct complex e~genvalue analysis 
and the various methods of supplying dampirigto 'the structure. The simulated 
model is a string under tension having uniform viscous and structural damp.ing 
as shown below. The stiffness due to tension is modeled with scalar springs, 
the mass is represented by scalar masses, and the viscous damping is provided 

.by scalar dampers connected on one end to the points and fixed on the other 
end. The structural damping is provided by the scalar springs and an over­
all dampingfa~tor,g3. The user is encouraged to re~er to the Demonstration 
Problem Manual 7.1 for a detailed discussion of the theory and background to 
this problem. 

,---... - ui-l 

. .~ Viscous Modi .. 

. : ........... . . .. : ... . 
• e ••• : !.: .. . . .. ... . . . 

lJ = Mass/Length 
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7.1.4.2 Input Cards - Scalar Elements 

Card No. 

1 ID DEM701, NASTRAN 

'2 UMF 21904 260701 

3 TIME' 8 

4 APPDISP 

5 S¢L 7,1 

6 CEND 

7 TITLE = C~MPLEX EIGENVALUES ¢F A 500 CEL~ STRING 

8 SUBTITLE = NASTRAN DEM¢NSTRATI¢N PR¢BLEM N¢. 7-1 

9 CMETH¢D = 7 

10 0UTPUT 

11 SET 1 = 1,51,101,151,201,251,301,351,401,451,501 

12 DISP = 1 

13 BEGIN BULK 

BULK DATA FIELD 

CARD 1 2 3 4 5 6 7 8 9 10 NO. 

14 CDAMP3 60002 401 2 0 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 263 CDAMP3 60499 401 499 0 60500 401 500 • 0 

264 CELAS3 1 101 0 2 2 101 2 3 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

513 CELAS3 499 101 499 500 500 101 500 0 

514 CMASS3 40002 301 2 0 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

763 CMAss3 40499 301 499 0 40500 301 500 0 

764 EIGC 7 DET MAX 1.0-5 +EIGC7 

765 +EIGC7 -.5 5.0 -.9 16.0 10.0 2 2 

766 PARAM G .05 

767 PDAMP 481 6.283185 

768 PELAS 101 1.0+07 .05 10.0 

769 PMASS 301 10.0 

770 ENDDATA 
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Notes: 5. Selects the Direct Complex Eigenvalue Analysis approach. 

9. Selects th~ method of complex eigenvalue extraction from 
Bulk Data. 

10-12. Requests printout of displacements for all grid points ;in 
set #1 which will be printed·for each mode·shape, real compo-
nents only. • 

14-263. Scalar damper connectivities. 

264-513. Scalar spring connectivities. 

514-763. Scalar masses. 

764-765. Specifies parameters and method for complex eigenvalue 
extraction. 

766. Defines a uniform structural damping coefficient. 
I 

767-769. Defines scalar element properties. 
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7.1.4.3 Rigid Format 10 - Rocket Guidance and Control. 

This problem although a simplified model, contains all of the elements used 
in a linear control system analysis. The flexible structure, shown below, 
consists of three sections: two sections are constructed of structural 

.,fini te elements; the third section is formulated in, terms of its modal 
coordinates. A sensor is located at an arbitrary point on the structure 
and connected to a structural point with multipoint constraints. The meas­
ured attitude and position of the 'sensor point is used to generate a control 
voltage for the gimbal angle of the thrust nozzle. The nozzle control is 
in itself a servomechanism consisting of an amplifier, a motor, a~d a posi­
tion and velocity feedback control. The nozzle produces a force on the 
structur~ due to its mass and ,the angle of, thrust. The motion of any point 
on the structure is dependent on the elastic motions, and the large angle 
effects due to'free-body notations. 

The user should refer to the Demonstration Problem Manual 10.1 for the dis­
eussion of the control system, the associated transfer function parameters 
and other modeling details. 

y 

Note: Masses' are uniformly 
distributed in each 
section. 

~ ______________________________ L-____________ ~X 
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7.1.4.4 Input Cards - DMAP Alter, Transfer Function and Resequencing 

Card No 

1 

2 

3 

4 
D 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14. 

15 

16 

17 

1,.8 

19 

20 

21 

CARD 1 2 NO. 

22 BAR¢R 

23 CBAR 1 · · · · · · · · · 37 CBAR 15 

38 CELAS4 1001 

ID DEMl001, NASTRAN 

UMF 21904 211001 

TIME 5 

APP DISPLACEMENT 

S~L 10,1 

ALTER 99 

MATGPR GPLD,USETD,SILD,PHIA//C,N,H/C,N,A $ 

ENDALTER 

CEND 

TITLE = C¢MPLEX EIGENVALUE ANALYSIS - R¢CKET C¢NTR~L SYSTEM 

SUBTITLE = NASTRAN DEM¢NSTRATI~N PR~BLEM N¢. 10-1 

LABEL = FLEXIBLE STRUCTURE CASE 

MPC = 101 

METH¢D = 2 

TFL = 20 

CMETH¢D = 11 

~UTPUT 

SET 1 = 1,100,101,1010 THRU 1090 . 
SVECT¢R (S¢RT1,PHASE) = ALL 

DISPLACEMENT (S¢RT1,PHASE) = 1 

BEGIN BULK 

BULK DATA FIELD 

3 4 5 6 7 

.0 10.0 

10 1 2 
· · · · · · · · · · · · 20 15 16 

2.026+7 1001 1002 32.42+7 
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CARD 1 2 3 4 5 6 7 8 9 10 NO. 

39 CELAS4 1003 164.1+7 1003 1004 518.7+7 1004 

40 CMASS4 2001 2.5+3 1001 2001 2002 2.5+3 .... 1002 2002 

41 CMASS4 2003 2.5+3 1003 2003 2004 2.5+3 1004 2004 

42 C¢NM2 101 "I 3333.3 · · · · · · · · · · · · · · · · · · 60 C¢NM2 119 19 833.3 

61 EIGC 11 DET MAX +EC 

62 +EC -2.0 -1.0 -2.0 10.0 10.0 6 6 · · · · · · · · · · · · 67 EIGP 11 0.0 0.0 2 · · · · · · · · · · · . · · · · · · · · · · · · · · · · 71 EIGR .2 INV 0.0 50.0 8 8 2 +E2 

72 +E2 MASS 

73 EP~INT 1010 1011 1030 1040 1050 1060 1070 1080 

74 GRDSET 1345 

75 GRID 1 0.0 0.0 0.0 
· · · · · · · · · · · · · · · · · · 95 GRID 101 116.176 0.0 0.0 

96 MATI 1 10.'4+6 4.0+6 

97 MPC 3 16 6 -1 1001 .0628318 +161 
· · · · · · · · · · · · · · · · · · · · · 118 MPC 100 11 6 1.0 100 6 -1.0 

119 MPCADD 101 100 3 

120 PARAM GRDPNT 101 

121 PARAM LMODES 4 

122 PBAR 10 1 4.0+2 6.0+-4 6.0+4 

123 PBAR 20 1 2.0+2 2.0+4 2.0+4 

124 SEQGP 100 10.5 101 7.5 

125 SP~INT 1001 1002 1003 1004 2001 2002 2003 2004 

126 SUP~RT 101 2 101 6 

127 TF 20 1 2 .0 .0 50.0 +T6 
· · · · · · · · · · · · · · · · · · · · · · · · · · · 

155 TF 20 1080 8.5+4 +TX 

156 +TX 100 6 -4.25+6 

157 ENDDATA 
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Notes: 5. Selects the Modal Complex Eigenvalue Analysis approach. 

6-8. DMAP alter package to print out the grid point list (GPLD),· 
u-set degrees of freedom (USETD), scalar index list (SILD) 
and the normal modes matrix for the a-set displacements. 

13. Selects a multipoint constraint set from Bulk Data. 

14. Selects a method for real eigenvalue extraction from Bulk 
Data. 

15. Selects the transfer function (TF) set from Bulk Data. 

16. Selects the method for complex eigenvalue extraction from 
Bulk Data. 

17-20. Request printout of S~LUTI~N set displacements and displace­
ments for structural grid points of set #1 for each mode shape 
in magnitude/phase angle format. 

22-37. Beam element connectivity. 

38-41. Scalar element connectivity. 

42-60. Concentrated mass data. 

61-69. Parameters for methods of eigenvalue extraction card 67 defines. 
poles in complex plane that are used with the associated EIGC 
parameters. 

73. Definition of extra points used to define control system 
parameters. 

74-95. Defines location of. grid points and default single point 
constraints. 

96-119. Multipoint constraint equations used to represent modal coordi­
nates of model between grid points 16 and 19. 

120. Requests weight and balance printout. 

121. Defines number of lowest modes to be used in this modal 
formulation. 

122-123. 

124. 

125. 

126. 

127-156. 

Beam element properties. 

Specifies resequencing of gridpoints 100 and 101. 

Scalar point definition (need not be defined on SP~INT card if 
number is used with scalar element definition, e.g., cards 38-41). 

Defines degrees of freedom for use in computing determinate 
reactions for constraining rigid body motion. 

Specification of transfer function parameters. 
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7.1.5 Dynamic Analyses (Rigid Formats 8, 9, 11 and '12) 

NASTRAN curre~tly offers four Rigid Formats for dynamic analyses. Both a 
direct and a moda1 approach are available for Frequency and Random 
Response with Rigid Formats 8 and 11 (TM 10.) and Transient Analysis with 
Rigid Formats 9 and 12 (TM 11.) respectively. A summary of these capabili-
ties is presented in Section 2.2.1.5 of this Guide. The examples that -
foliow illustrate the input data for the corresponding problems described 
in the Demonstration Problem Manual. The first two examples show the 
Frequency and Random Response-input alternatives for a square plate and a 
simpl~ beam. - The second set of two examples show the Transient Analysis 
input alternatives for a model with nonsymmetric matrices and for a free­
body beam. 

7.1.'5.1 Rigid Format 8 - Direct Frequer.cy Response of a Plate 

This problem illustrates the use of the direct method of determining 
structural response to steady-state sinusoidal loads. The steady-state 
response of the structu~e at each frequency is calculated in terms of 
complex numbers which reflect the magnitudes and phases of the results. 

The particular model for this study is a square plate composed of quadri­
lateral plate elements' as shown below. The exterior edges are supported 
on hinged supports and symmetric boundaries are used along x=0 and y=O. 
The applied load is sinusoidally distributed over the panel and increases 
with respect to' frequency. For further details on the input and results, 
see the Demonstration Problem Manual 8.0. ' 

Y • 

111 

o 

Symmetry 
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7.1.5.2 Input Cards - Frequency Dependent Loading 

;i 

CARD 
NO. 

19 
· · · 118 

119 
· · · 218 

219 

220 

Card No. 

1 ID DM801X10, NASTRAN 

2 'UMF 21904 190801 

3 APP DISPLACEMENT 

4 S~L 8,1 

5 TIME 22 

6 CEND 

7 TITLE == FREQUENCY ~SP0NSE' ¢F A SQUARE PLATE 

8 SUBTITLE == NASTRAN DEM¢NSTRATI¢N PR¢BLEM N¢. 8-1 

9 SPC == 37 

10 DL¢AD == 8 

11 FREQUENCY == 8 

. 12 ¢UTPUT 

13 

14 

15 

16 

17 

SET 1 == 1,4,7,11,45,55,78,88,111,114,117,121 

SET 100 = 0.7, .99, 1.21, 1.3, 1.5 

¢FREQ == 100 

DISPLACEMENT(PHASE) = 1 

SPCF¢RCE = 1 

18 BEGIN BULK 

BULK DATA FIELD 

1 2 3 4 5 6. 

CQUAD1 1 23 1 2 13 · · · · · · · · · · · · · · · · · · CQUAD1 109 23 109 110 121 

DAREA* 37 1 3 · · · · · · · • · · · · DAREA* 37 109 3 

FREQ 8 9.0 

GRDS~T 
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12 .00 · · · · · · 120 .00 

2.500000E-01 
· · · 2.4471748E-02 

126 

• 
10 



CARD 1 2 ·3 4 5 '6 7 8 9 10 NO. 

221 GRID 1 .0 .0 .0 · · · · · · · · · · · · · · · · · · ' . 

341 GRID 121 10.0 10.0 .0 • 

342 MATI 8 3.0+7 .300 -.. 

343 PQUADI 23 8 • 6666667 13.55715 . 
344 RL~ADI 8 37 1 

345 SPCl 37 4 1 .2 3 4 5. 6 +4l00lH 

346 +4l00lH 7 8 9 10 11 
· · · · · · · · · · · e · · · · · · · · · · . e' · · · · · · · · · · 351 SPCl 37 35 111 112 113 114 115 116 +2l00lH 

352 +2l00lH 117 118 119 120 121 

353 TABLEDI 1 +Tl 

354 +Tl 0.0 10.0 100.0 40.0 ENDT 

355 ENDDATA 

Notes: 4. Selects Direct Frequency and Random Response Analysis approach. 

10. Selects the RL~ADI frequency response dynamic loading condition 
from Bulk Data. 

11. Required to select from Bulk Data the set of frequencies to be 
solved. 

15. Selects the set of frequencies desired for output. The output 
will be provided for the solution frequencies closest to those 
given inset #100. (In this case, only one output frequency 
(9.0) is available) -

16. Request the displacements for grid points of set #1 to be 
printed in magnitude/phase format. 

17. Requests support forces to be printed at grid points of set #1 
to be printed in real/imaginary format. 

19-118. Quadrilateral element connectivities. 

119-218. Specifies the dynamic load scale factor and point of application 
in double precision format. 

219. Defines set of frequencies for solution (in this case, only one 
;i.s requested). 

220-34l~ Provides gridpoint locations and default single point constraints. 

342-343. Defines material and element properties. 

344. Defines frequency dependent dynamic load function. 

345-352. Specifies support and symmetric boundary single point constraints. 

353-354. Defines table of frequency dependent coefficients referenced, 
in this case, by RL¢ADl (field 6). 
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7.1.5.3 Rigid Format 11 - MOdal Frequency and Random Response of a Beam 

This problem demonstrates the frequency response solution of a structure 
using an uncoupled modal formulation. The structural degrees 'of freedom 
are the uncoupled modal displacements. This problem also illustrates var­
ious methods of applying frequency response loads which may be input as 
complex numbers and added together for each subcase. 

The structure to be solved consists of a beam with simple supports as 
shown below. Included in the structural model is a "general element" 
representing the first two cells of the ten-cell beam. The applied load 
for the three sub cases are applied to the center three points on the beam. 
The random analysis data consists of a flat power spectral density function 
("White noise") for the three loading subcases.' The first supcase spectral 
density is correlated to the third subcase spectral density, simulating two 
interdependent probability functions. The XY-plotter capability is used 
for output. For further details and some theory, see the Demonstration 
Problem Manual 11.1. 

z 

f 

7.1.5.4 Input Cards - "Complex" Loading and Random Response Output 

Card No. 

1 ID DEMllOl, NASTRAN 

2 UMF 21904 221101 

3 CHKPNT YES 

4 APP DISPLACEMENT 

5 S0L 11,3 

6 TIME 6 

7 ALTER 96 

8 MATPRN PHIA",,// $ 

9 ENDALTER 
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CEND 

MAXLINES = 50000 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

TITLE = FREQUENCY AND RAND~M RESP~NSE ~F A 10 CELL BEAM 

SUBTITLE = NASTRAN DEM~NSTRATI0N PR~BLEM N~. 11-1 
. l ( 

SPC = 11 

METH~D = 2 

FREQUENCY = 503 

RAND~M = 11 

SDAMPING = 11-

!6UTPUT 

SET 2 = 5,10. 

SET 6 = 6 

22 SET 10 = 6,11 

23 DISP(S~RT2sPHASE) = 10 

24 ACCELER(S~RT2,PHASE) = 10 

25 ~LOAD = 6 

26 ELF~RCE(S~RT2,PHASE) = 2 

27 SUBCASE 1 

28 LABEL = THREE P~INTS L~ADED WITH TW(6 SETS 

29 ~L~AD = 506 

30 SUBCASE 2 

• 

31 LAB~ = ~NE P0INTL~ADED WITH TW0 SETS AND TIME DELAYS 

32 DL~AD = 507 

33 SUBCASE 3 

34 LABEL = ~NE P~INT L~ADED WITH TWO TABULAR L~ADS 

35 DL~AD = 510 

36 $ * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• 37 PL~TID = NASTRAN DEM0NSTRATI0N PR~BLEM N0. 11~1 

38 ~UTPUT(XY~UT) 

39 PL~TTER SC 

40 CAMERA = 3 

41 SKIP BETWEEN FRAMES = 1 

42 XGRID LINE = YES 

43 YGRID LINE = YES 

44 XL~G = YES 
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CARD 
NO. 

61 
· · · 68 

69 

70 

71 

n 
73 

74 

75 

76 

77 

78 

45 

46 . 

YL~G = YES 

XTITLE = 

47 YTITLE = S 

FREQUENCY (HERTZ) 

48 TCURVE = P¢>WER SPECTRAL DENSITY ~F P~INT 6 DISPLACEMENT 

49 XYPL~T,XYPRINT DISP PSDF / 6(T3) 

50 $ 

51 TCURVE = P¢>WER SPECTRAL DENSI~ ~F P~INT 6 ACCELERATI~N 

52 XYPL~T ACCELERATI~N PSDF / 6(T3) 

53 $ 

54 XL~G= N¢> 

55 

56 

YL0G = N0 

XTITLE = 

57 YTITLE = R 

TIME LAG (SEC~NDS) 

58 TCURVE = AUT~C¢>RRELATI~N FUNCTI~N F~R P~INT 6 DISPLACEMENT 

59 XYPL~T,XYPRINT DISP AUT~ / 6(T3) 

60 BEGIN BULK 

BULK DATA FIELDS 

1 2 3 4 5 6 7 8 9 10 

CBAR . 3 1 3 4 20. .0 1. 1 . · · · . · · · · . · · · .. · · · · .' · · · . · · · · CBAR 10 1 10 11 20. .0 1. 1 

C~NM2* 11' 1 5.34604-3 *M1 

*M1 0.0 

C0NM2* . 12 2 1.069208-2 *M2 .. 
*M2 O. O. -
C0NM2* 13 3 5.34604-3 *M3 

*M3 

DAREA 2 5 5 -100. 

DAREA 2 6 3 50. 5 3 50. 0 

DAREA 2 7 3 50. 7 5 100. 

DAREA 3 6 3 100. 



CARD 1 2 3 4 5 6 7 8 9 10 
NO. 

79 DAREA 510 6 3 1.0 

80 DELAY 1 6 3 .5555-2 

81 DL~AD 506 1. 1. 5 1. 6 

82 DL~AD 507 1. 1. 5 1. 7 . 
83 DL~AD. 510 2.0 '1.0 5101 1.0 5102 

84 DPHASE 1 6 3 30. 

85 DPHASE 5102 6 3 -30.0 ' . 

86 EIGR 2 INV 40. 1000. 3 :3 +EG 

87 +EG MASS 

88 FREQ1 508 .0 5.0 40 

89 GENEL 1101 2 1 2 3 2 5 +1 

90 +1 ·3 1 3 3 3 5 +2 

91 +2 un 1 1 1 3 1 5 *30 

92 *30 2 .89044935-8 O. O. *31 

93 *31 .89044935-8 O. O. 3.08928-6 *40 

94 *40 -2.31696-6 O. 7.7232005-6 -2.31696-6 *41 

95 *41 2.31696-6 O. -6.9508804-6 2.31696-6 *50 

96 *50 1. 7808987-8 O . O. 24.714241-6 *51 . 
'97 *51 -9.26784-6 4.6339203-6 +60 

98 +60 S 1.0 0.0 0.0 0.0 1.0 -2.0 0.0 +70 

99 +70 0.0 1.0 1.0 0.0 0.0 0.0 1.0 -4.0 +80 

100 +80 0.0 0.0 LO 

101 . GRDSET 246 

102 GRID' 1 .0 .0 .0 
· · · · · · · · · · · · · · · · · · 

112 GRID 11 20. .0 .0 

113 MATI 1 10.4+6 4.+6 .2523-3 

114 PARAM GRDPNT 0 

115 PARAM LM~DES 4 
r , 

116 PBAR 1 1 21.189 .083 , .083 
I 

117 RANDPS 11 1 1 .5 11 

118 RANDPS 11 1 3 .5 11 

119 RANDPS 11 2 2 1.0 11 
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CARD 1 2 3 4 NO. 
5 6 7 - 8 9 10 

120 RANDPS 11 3 3 .5 11 

121 RANDT1 11 100 .0 .1 

122 RL0AD1 101 510 5101 

123 RL¢AD1 5102 510 510~ 5102 

RL0AD2 
, 

124 5 2 1 

125 RLIllAD2 6 3 1 1 2 

126 RL¢AD2 7 3 1 1 

127 SPC 1 1 13 11 13 

128 SPC 11 1 13 11 3 

129 TABDMP1 11 +DAMP 

130 +DAMP 0.0 0.0 5p.0 0.02 ENDT 

131 TABLED1 1 +TAUU 

132 +TAUU 0.0 1. 100. 1. ENDT 

133 TABLED 1 2 +TAD21 

134 +TAD21 0.0 30. 100. 30. ENDT 

135 TAB LED 1 5101 +TAD30 

136 +TAD30 0.0 75.0 100. 75.0 ENDT 

137 TABLED1 5102 
, +TAD31 

138" +TAD31 0.0 50.0 100. 50.0 ENDT 

139 TABRND1 11 +TR 

140 +TR -1.0 . 0.0 0.0 100.0 100.0 100.0 100.0 0.0 +TR2 

141 +TR2 101.0 0.0 ENDT 

142 ENDDATA 

Notes: 3. Checkpoint is requested to be taken. 

5. 

7-9. 

Selects modal approach for Frequency and Random Response anal­
ysis removing the looping and mode acceieration computations. 

DMAP alter to obtain a printout of the mode shapes'for the 
analysis set of displacements generated during the real eigen-
value analysis. (This output is not otherwise available with 
this Rigid Format.) 

11. Specifies a user limit in NASTRAN for a maximum of 50,000 lines 
of output. 
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14. Selects a set of single ~oint constraints from Bulk Data. 

15. Selects the method to be used for real eigenvalue extraction 
required to get the appropriate modal coordinate data for this 
modal approach. 

16. Selects the set of frequencies required for solution of the 
frequency response analysis. 

17. Selects the power spectral density factors (RANDPS) and auto­
correlation function time lag (RANDTl) from Bulk Data required 
for the random response analysis. 

18. Defines the equivalent of structural damping as a function of 
frequency in modal formulation problems (TM 9.3.4). 

19-26. Speci~ies output sets for displacements, accelerations, loads 
and element forces. Note that the loads will be output for 
all frequencies at each grid point (S0RT2) and in real/imaginary 
format. Because S0RT2 was specified for other output qualities, 
it overrides the S0RTl default for loads. Also note that re­
quests for output of the results of the Random Response analysis 
are part of the XY plot output package. 

27-29. Defines the first dynamic load to be analyzed. 

30-32. Defines the second dynamic load to be analyzed. 

33-35. Defines the third dynamic load to be analyzed. 

37-40.· Sets up for XY plots using Stromberg Carlson requesting both 
film and paper inserting one blank frame between each plot~ 

42 •. Requests drawing of vertical grid lines at each tic mark. 

43. Requests drawing of horizontal grid lines at each tic mark. 

46-47. Provides axis labeling info~ation. 

48. Provides label to identify curve being plotted. 

49. Requests both plotted and printed output of the z-displacement 
power spectral density function fo~ grid point 6. 

51.. Provides label to identify next curve to be plotted. 

52. Requests plotted output of the z-acceleration power spectral 
density function for grid point 6. 

54-55. Requests scalar distribution of tic marks for both the X and Y 
axes • 

.. 

56-58. -Provides titling information for next curve to be plotted. 

59. Requests both plot"ted and printed output of the autocorrelation 
function for the z-displacement at grid point 6. 

61-68.· Defines beam element connectivities •. 

69-74. Defines concentrated mass elements in double precision format. 

75-79. Specifies dynamic load scale factor sets and the points of 
applica~ion. 
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80. 

81-·83. 

84-85~ 

Provides for the dynamic load ~ime delay to be referenced by 
the RL~AD2 (SID =.7 in field 4) card number 126. 

Specifies the dynamic load combinations to be applied. 

Provides ·for the dynamic' load phase lead to be referenced in 
field 5 of the RL~AD2 and RL0ADI cards 125 and 123 respectively. 

86-87 •. Specifies parameters for real eigenvalue extraction. 

88. 

89-100. 

101-112. 

113. 

114. 

115. 

116. 

117-120. 

121-126. 

127-128. 

129-130. 

131-138. 

139-141. 

Specifies frequency range and int~rvals for use in frequency 
response analysis (fi = 0.0,5.0,10.0 .•• ,200 • .0) or 40 increments. 

Specifies general element matrix data (TM 5.7). 

Defines grid point locations and default single point constraints. 

Defines material properties. 

Requests output for weight and balance as well. 

Requests the four fundamental modes be used as modal coordinates. 

Beam element properties. 

Specification of input power spectral density function. 

Frequency response dyna~c load functions. 

Single point constraint sets (set #11 was selected). 

Frequency dependent damping coefficient table referenced by 
SDAMP. in Case Control. . 

Tabular definition of frequency dependent load coefficients 
referenced by RL0ADI and RL0AD2 cards. 

Tabular function of power spectral density function referenced 
by RANDPS cards. 
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7.1.5.5 Rigid Format 9 - Direct Transient Analysis with Direct Matrix I~put 

This problem demonstrates the capability of NASTRAN to perform a transient 
analysis on a system havingnonsymmetric stiffness, damping and·mass matrices. 
The problem. is formulated with direct matrix input without the use of ele­
ments. It illustrates the use of time step changes, selection of printout, 
intervals, application of loads, initial conditions and a simple curve plot 
package. For details of the problem formulation and the results, see the 
Demonstration Problems Manual 9.1. 

7.1.5.6 Input'Cards Direct Matrix Input and XY~UT Plotting 

Card No.' 

1 ID DEM901, NASTRAN 

2 UMF 21904 200901 

3 APP DISPLACEMENT 

4 S~L 9,1 

5 TIME 5 

6 CEND 

7 TITLE = TRANSIENT ANALYSIS WITH DIRECT MATRIX INPUT 

8 SUBTITLE = NASTRAN DEM~NSTRATI~N PR~BELM N~ .. 9-1 

9 TSTEP = 32 

10 IC = 32 

·11 DL~AD = 32 

12 K2PP=KC¢MP 

13 M2PP=MC¢MP 

14 B2PP=BC~MP 

15 ~UTPUT 

16 SVEL¢ = ALL 

17 DISP(S¢RT2) = ALL 

18 ¢L¢AD(S¢RT2) = ALL 

19 PL¢TID.D NASTRAN DEM¢NSTRATI¢N'PR~BLEM N¢. 9-1 

20 ¢UTPUT(XY¢UT) 

21 PL¢TTER SC 

22 CAMERA = 3 

23 

24 

25 

SKIP BETWEEN FRAMES = 1 

TCURVE = * * * * EPOINT DISPLACEMENT (INCHES) * * * * 
XTITLE = TIME (SEC¢NDS) 
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26 $ 

27 YVALUE PRINT SKIP = 1 

28 XDIVisI~NS = 25 

29 XVALUE PRINT SKIP = 1 

30 $ * * * * * * * * * * * ** FULL FRAME PL~TS * * * * * * 

31 YGRID LINES = YES 

32 .XGRID LINES = YES 

33 YDIVISI~NS =22 

34 $ 

35 YTITLE = EP~INT 10 DISPLACEMENT *INCH* 

36 XYPL0T DISP / 10(Tl) 

37 $ 

38 YDIVISI(6NS = 20 

39 YTITLE = EP(6INT 11 DISPLACEMENT *INCH* 

40 XYPL(6T DISP / 11(Tl) 

41 $ . 
42 YTITLE = EP(6INT 12 DISPLACEMENT *INCH* 

43 XYPL~T DISP / 12(Tl) 

44 $ 

45 YTITLE = EP(6INT 13 DISPLACEMENT *INCH* 

46 XYPL0T DISP / 13(Tl) 

47 BEGIN BULK 

BULK DATA FIELD • 

CARD 1 2 3 4 5 6 7 8 9 10 
NO. 

48 DAREA 1 10 -1.5 11 -1.0 

49 DAREA ... ·1 .. 12 -13.5 13 36.0 

50 DELAY 1 10 1.0 11 1.0 

51 DELAY 1 12 1.0 13 1.0 

52 DMIG BC~MP 0 1 1 2 

53 DMIG BC(6MP 11 0 10 0 -15.0 +BCl 

54 +BCl 11 0 30.0 12 0 -15.0 
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C.ARD 1 2 3 4 5 6 7 8 9 10 
NO. 

55 DMIG BC¢MP 12 0 11 0 -24.0 +BC2 

56 +BC2 12 .0 48.0 13 0 -24.0 

57 DMIG BC¢MP 13 0 12 0 -2.0 +BC3 

58 +BC3 13 0 4.0 

59 DMIG KC¢MP 0 1 1 2 

60 DMIG KC¢MP 10 0 10 0 2000. +KC1 

61 +KC1 11 0 -1000. 

62 DMIG KC¢MP 12 0 11 0 -100.8 +KC2 

63 +KC2 12 0 200.0 13 0 -100.0 

64 DMIG KC¢MP 13 0 12 0 -20.0 +KC3 

65 +KC3 13 0 40.0 

66 DMIG MC¢MP 0 1 1 2 

67 DMIG MC¢MP 10 0 10 0 20.0 +MC1 

68 +MC1 11 0 -10.0 

69 DMIG MC¢MP 11 0 18 0 -1.5 +MC2 

70 +MC2 11 0 3.0 12 0 -1.5 , 
71 DMIG MC¢MP 12 0 11 0 -4.0 +MC4 , 

72 +MC4 12 0 8.0 13 0 -4.0 

73 EP¢INT 10 11 12 13 

74 TABLED1 1 +T1 

75 +T1 -1.0 0.0 0.0 0.0 .00 1.0 100.0 1.0 +T2 

76 +T2 ENDT 

77 TIC 32 10 0.0 10. 

78 TIC 32 11 .0 .5 

79 TIC 32 12 .0 .0 

80 TIC 32 13 -10.0 .0 

81 TL¢A.n1 32 1 1 1 

82 TSTEP 32 40 .025 2 +Sl 

83 +Sl 100 .015 5 

'84 ENDDATA 
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Notes: 4. ,Selects the direct approach to Transient Analysis '. 

9. 

10. 

II. 

12-14. 

15-18. 

19-23. 

24-25. 

27. 

28. 

29. 

Selects the integration time steps from Bulk Data (TSTEP). 

Selects the initial conditions from Bulk Data (TIC). 

Selects the dynamic loading function from Bulk Data (TL~ADl). 

Specifies the direct matrix input for stiffness, mass and 
damping respectively. 

Specifies output requirements for all degrees of freedom in the 
model. Notice that because one output quantity specifies 
S~RT2, all time steps for each degree of freedom, the SVEL0CITY 
request, will default also to S~RT2. 

Sets up for plotting with the XY-curve plotter. 

Labeling information. 

Plot the value for every other tic mark along the Y-axis. 

Provide 25 divisions along the X-axis. 

Plot the value for every other tic mark along the X-axis. 

31-32. Plot grid lines for each tic mark in both directions. 

33. Provide 22 divisions along the Y-axis. 

35. Title for Y-axis. 

36. 

38-39. 

40. 

42. 

. 43. 

45-46. 

48-49. 

50-5l. 

52-58. 

59-65. 

Requests plot of displacement for extra point 10 versus time. 

Provide 20 divisions and new title for Y-axis 

Requests plot of displacement for extra point 11 versus time. 

Use same 20 divisions and new title for Y-axis • 

Requests plot of displacement for extra point 12 versus time. 

Repeat 42 and 43 for plot of displacements for extra poin~.13. 

Dynamic load factors'applied to extra points. 

Delay factors for each extra point loading. 

Direct matrix input at extra points for damping. 

Direct matrix input at extra points for stiffness. 

66-72. Direct matrix input at extra points for mass. 

73. Provides identification for extra points (single degree of 
freedom per point). 

74-76. Table of dynamic load coefficients versus time referenced by 
TL~ADl'card (field 6). 

77-80. Specifies initial conditions for each extra point. 

81. Specifies time dependent loading function. 

82-83. Specifies two sets of time step intervals for integration of 
the transient response and user specifies output interval. 

Special note, no structural elements were used in this problem. All degrees 
of freedom were identified with separate extra points. 
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7.1.5.7 Rigid Format 12 - Modal Transient Response of a Beam 

This problem demonstrates the transient analysis of a free-body using the 
integration algorithm for. uncoupled modal. formulation. The hundred-cell 
beam model is. shown below. Modal damping is included as.fo_ function of 
natural frequency. The omitted coordinate feature was used to reduce the 
number of degrees of freedom to an analysis set equivalent to eleven grid 
points. Both structural and curve plots are· requested. For further details 
arid.the results, see the Demonstration Problem Manual 12.1. 

z P z(101) 

lumped Mass and Inertia t ~(101l 
2 3 4 5 6 7 100 101 .. X 

1-

7.1.5.8 Input Cards - Both Structural and XY0UT Plotting 

Card No. 

1 ID DEMl201, NASTRAN 

2 UMF 21904· 241201 

3 APP DISPLACEMENT 

4 S¢L 12,3 

5 TIME 10 

6 CEND 

7 TITLE = TRANSIENT ANALYSIS ¢F A FREE ¢NE HUNDRED CELL BEAM 

8 SUBTITLE = NASTRAN DEM¢NSTRATI¢N PR0BLEM N¢. 12-1 

9 DL¢AD = 516 

10 SDAMP = 15 

11 TSTEP = 516 

12 METH¢D = 2. 

13 ¢UTPUT 

14 SET 1 = 1, 26, 51, 75, 100 

15 SET 2 = 1, 26, 76 
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16 DISPLACEMENT = 2 

17 STRESS = 1 

18 PL~TID = NASTRAN DEM~NSTRATI~N PR~BLEM N~. 12-1 

19 ~UTPUT(PL~T) 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34· 
j 

I 

3~' 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

PL~TTER 'SC 

SET 1 INCLUDE BAR EXCLUDE GRID P~INTS 1 THRU 9,11 THRU 20 

22 THRU 30,32 THRU 40,42 THRU 50,52 THRU 60,62 THRU 70 

72 THRU 80 82 THRU' 90, 92 THRU 100 

MAXIMUM DEF~RMATI~N 2.0 

STERE~ PR~JECTI~N 

FIND SCALE, ~RIGIN 100, VANTAGE P~INT, SET 1 

PL~T SET 1, ~RIGIN 100,SHAPE, LABELS 

P~T M~DALDEF~RMATI~N 1, RANGE 0.004, 0.013, 

MAXIMUM DEF~RMATI~N 0.76, SET 1, ~RIGIN 100, SHAPE 

~RTH~GRAPHIC PR~JECTI~N 

$ 

FIND SCALE, ¢RIGIN 1, REGI~N 0.0,0.0,1.0,0.5 

FIND SCALE, ~RIGIN 2, REGI~N 0.0,0.5,1.0,1.0 

PL~T M~DAL DE~RMATI~N 1, RANGE·O.O, .019, 

MAXIMUM DEF~RMATI~N 1.0, 

SET 1, ~RIGIN 1, SHAPE , 

SET 1, ¢RIGIN 2, VECT~R Z, SYMB~LS 6, LABELS 

~UTPUT (XY~UT) 

PL~TTER SC 

CAMERA = 3 
SKIP BETWEEN FRAMES = 1 

YGRID LINES = YES 
-
XGRID LINES = YES 

YDIVISI~NS = 10 

XDIVISI~NS '= 10 

XVALUE PRINT SKIP = 1 

YVALUE PRINT SKIP = 1 

XTITLE = TIME (SEC~NDS) 

YTITLE = DIS P * INCH * 
TCURVE = * * * * * * * G RID 5 1 * * * * * * * * * 
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51 XYPL~TtXYPRINTtDISP RESP / 51(T3) 

52 TCURVE = * * * * * * * G RID 101 * * * * * * * * 
53 XYPL~TtXYPRINTtDISP RESP / 101(T3) 

54 YTITLE = ACCELERATI~N 

55 TCURVE = * * * * * * * G RID 5 1 * * * * * * * * * 
56 XYPL~TtXYPRINT,ACCE RESP / 51(T3) 

57 TCURVE = * * * * * * * G RID 101 * * * * * * * * 
58 XYPL~TtXYPRINT,ACCE RESP / 101(T3) 

59 BEGIN BULK 

BULK DATA FIELD 

CARD 
NO. 

1 2 3 4 5 6 7 8 9 10 

60 BAR~R 10.0 .0 100.0 1 

61 CBAR 1 17 1 2 · · · · · · · · · · · · · · · · · · 160 CBAR 100 17 100 101 

161 C~NM2 20 1 10.0 +M1 

162 +M1 . 1666.7 

163 DAREA 1- 101 3 100. 

164 EIGR 2 INV .0 1000. 5 5 +EG 

165 +EG MASS 

166 GRDSET 1246 

167 GRID 1 .OO~ .00 .00 · · · · · · · · · · · · · · · · · · 267 GRID 101 20.00 .00 .00 

268 MATI 1 10.4+6 4.+6 .2523-3 +MAT1 

269 +MAT1 111.11 11.111 

270 0MIT1 53 2 3 4 5 6 7 8 +100 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 281 +201 98 99 100 

282 PARAM GRDPNT a 
283 PARAM LM~DES 6 

284 PBAR 17 1 1. .083 .083 +PBAR 
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CARD 1 2 3 4 5 6 7 8 9 10 
NO. 

285 +PBAR 1.111 -1.111 

286 SUP~RT 1 3 1 5 

287 TABDMPI 15 ;+-TDII 

288 +TDII 10.0 .01 100. • 1 3000 • .1 ENDT 

289 TL~AD2 516 1 .0 .1 60. 

290 TSTEP 516 104 .00139 1 

291 ENDDATA , . 

Notes: 4. Selects the modal approach to Transient Analysis without 
looping and without modal acceleration computations. 

9-11. 

i2. 
13-17. 

18-20. 

21-23. 

24. 

. 25. 

26. 

27. 

28. 

30. 

31. 

32. 

33-36. 

selects dynamic load function, frequency dependent equivalent 
coefficients for structural damping (TM 9.3.4) and integration 
time step intervals from Bulk Data. 

Selects method for real eignevalue extraction. 

Specifies desired output for displacements and element stresses. 

Sets up for structural plotting. 

Defines elements and grid points to be plotted. 

Specifies the maximum deformation to be plotted on a scale of 
2.0 relative to the length of the beam (I - 20.0). Note, must 
come before the FIND card. 

Requests the following plots be in stereo • 

Sets up plot parameters. 

Plot element set #1 as undeformed structure. 

plot modal deformations in the eigenvalue range from 0.004 to 
0.013 without the underlay of the undeformed model. Note that 
only one subcaseis implied. even though no subcase delimiter 
is present. Also, the maximum deformation will be plotted to 
76% of originally defined scale for all mode shapes. 

Sets up now for orthographic projection. 

Sets parameters for a plot on the lower half page. 

Sets parameters for a plot on the upper half page. 

. . 

Requests two.plots of the mode shapes within the eigenvalue 
range of 0.0 to 0.019 the deformed shape in the lower half of 
the plot page and the z-component vectors plotted in the upper 
half of the plot page. 
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38-41. Sets up for XY curve plotting. 

42-43. Reques~s plots of grid lines both in X and Y directions. 

44-45. Specifies ten intervals in both X and Y directions. 

46-47. Requests values be plotted for every other tic mark. 

48-50. Axes and curve labeling information. 

51. Request& both plotted and printed output of the z-disp1acement 
response at grid point 51. 

52-53. New curve title and same output request' for grid point 101. 

54-58. New axis and curve label information and a request for ,both 
plotted and printed output of the z-acce1eration response at 
grid points 51 and 101. " --

60-160. Beam defauit parameters and element connectivities. 

161-162. Concentrated mass inertial properties. 

163. Dynamic load factor and point of application. 

164-165. Specifies parameters for real eigenvalue extraction. 

166-267. Gridpoint location and default single point constraints. 

268-269. Material properties. 

270-281. Specifies degrees of freedom to be omitted by Guyan reduction. 

282-283. Requests weight and balance output and specifies first six 
fundamental modes be used as modal coordinates. 

284-285. Beam properties. 

286. Provides fictitious components for computing determinate reac­
tions for constraining free body accelerations. 

287-288. Defines frequency dependent coefficients for equivalent struc­
tural damping to be selected from Case Control (SDAMP). 

289. Specifies transient response dynamic load. 

290.,' Specifies integration time step intervals and the interval for 
which output is generated. 
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7.2 SPECIAL APPLICATIONS OF NASTRAN 

The current version of NASTRAN includes modeling capabilities designed 
to treat specialized problems in heat transfer and structure/fluid inter­
action. NASTRAN is continuously being developed to extend its matrix 
abstraction and modeling capabilities into diverse engineering mechanics 
disciplines. The noted successes already achieved, as demonstrated·' 
below, show that generality in application programs is not only possible, 
by is distinctly advantageous. Development programs are now underway, 
not only to augment each of the current capabilities of NASTRAN, but to 
add new analytical tools for automated aeroe1astic and substructuring 
analyses •. 

The following sections are devoted to exemplifying the specialized 
capabilities already available. 'These are summarized in Table 7-1 below. 

TABLE 7-1 SPECIALIZED APPLICATIONS OF NASTRAN 

Application Section Description 

Heat Flow. 7.2.1 Steady state heat transfer' analysis 

Hydroelastic 7.2.2 Combined fluid/structure interaction 

Accoustic Cavity 7.2.3 Resonant frequencies in compressible 
fluid flow 

Substructuring 7.2.4 Sta·tic and/or Normal Modes analysis 
.of large structures using the sub-
structuring technique 
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7.2.1 Heat Flow Problems CUM 1.8, TM 8.) 

The heat flow problem is analogous to the structural problem, but with temper­
atures replacing deflections as the' problem unknowns. The same grid points, 
coordinate systems, elements, constraints, and grid-polnt sequencing may be 
used for both problems. The temperature 'at each grid point requires just one 
degree of freedom, which is taken to be the first degree of freedom at each 
grid point. The heat conduction elements will resist temper~ture differences, 
which is analogous to the fact that structural elements resist deformation. 
As in structural analysis, the choice of an appropriate finite element model 
is left to the analyst. If the same finite elements can be used for both 
heat conduction and structural analysis, then the same connection cards may 
be used. 

Remarks 

• Currently restricted in NASTRAN Level 15.1 to the determination of 
steady-state temperatures Rigid Format 1. (UM 1. 8.1) 

• Invoked by using Rigid Format 1 with PARAM bulk data card 
~PTION=HEAT. (UM 3.1.5 and 3.2.4) 

• The structural elements listed in Table 7-2 may be used. 
(UM 1.8.2, TM 8.2) 

TABLE 7-2, HEAT CONDUCTION ELEMENTS 

Type Elements 

Linear BAR* , R~D, C0NRfJD, TUBE 

Planar TRMEM*, TRIA1*, TRIA2* 
QDMEM*, QUADl*, QUAD2* 

Solid of Revolution TRIARG, TRAPRG* 

Solid TETRA, WEDGE, HEXAl, HEXA2 

Scalar ELAS1, ELAS2, ELAS3, ELAS4 

*Bending characteristics ~re ignored. For plates, the 
membrane thickness is used to determine heat conduc­
tion matrices. For BAR, there is no temperature drop 
~cross offsets. For TRAPRG, the top and bottom need 
not be perpen~icu1ar to the z-axis. 

• Thermal material properties are defined on MAT4 and MATS 
bulk data cards. (UM 1.8.2, TM-8.2) 
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• Degrees of freedom 23456 of every grid point must be 
constrained to zero with single-point constraints. (SPCl 
bulk data card recommended. However, GRDSET, GRID, or SPC 
'may be used.) (UM 1.8.3, TM 8.1) 

• Multipoint constraints may be used. (TM 8.1, TM 8.2) 

• Temperature boundary conditions are specified with the SPC 
bulk data card. (UM 1.8.3, TM 8.1) 

• Heat flux boundary conditions are specified with the QHBDY 
bulk data card. (UM 1.8.3, TM 8.3.1) 

• Convection boundary conditions are specified with the thermal 
element CHBDY. Ambient temperatures for every grid point 
must be specified with TEMP and/or TEMPD bulk data cards when 
using this element. (UM 1.8.3, TM 8.3.2) 

• To use volume heat generation, the thermal power must be com­
puted and specified on a QHBDY bulk data' card. (UM 1.8.3) 

• Symmetry may be used. For symmetric temperatures, the 
boundary is free. For anti-symmetric temperatures, the 
boundary is fixed. (UM 1.8.3) 

• Output requests for grid point temperatures are made with 
the DISPLACEMENT case control card. 

7.2.1.1 Example - Heat Flow Problem 

A metal fin of triangular cross-section attached to a plane surface (y = 0) 
to help carry off heat for the latter. The modeling details are pictured 
below. 

Ambient Temperature = 70°F 

Thermal Conductivity 

BTU 
= 7.6 i i OF n - n-

2.0" 
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15 X 

1 

y ~------------------~e 

Note: The cooling fin is assumed to be infinitely long. 
For symmetry, the Y-Z surfaces are left unconstrained. 

7.2.1.2 -Input Cards - Example Heat Flow Problem 

Card No. 

1 ID HEAT,FL0W 

2 APP DISP 

3 S0L 1,0 

4 TIME 2 

5 CEND 

6 TITLE=HEAT FL0W EXAMPLE PR¢BLEM 

7 SUBTITLE=C00LING FIN 

8 UifAD=LO 

9 SPC=7 

10 TEMP=ll 

11 0UTPUT 

12 DISP=ALL 

13 BEGIN BULK 
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BULK DATA FIELD 

Card 1 2 3 4 
No. 

5 6 7 8 9 10 

14 CHBDY 101 LINE 7.6 2.0 2 7 

15 CHBDY . 102 LINE 7.6 2.0 7 13 

16 CHBDY 103 LINE 7.6 2.0 2 6· 

17 CHBDY 104 LINE 7.6 2.0 6 12 

18 CHEXA2 201 1 4 5 11 10 6 7 +E201 

19 +E201 13 12 

20 CHEXA2 202 1 6 7 13 12 8 9 +E202 

21 +E202 15 14 

22 CWEDGE 301 1 1 5 4 2 7 6 

23 CWEDGE 302 1 2 7 6 3 9 8 

24 GRID 1 O. 2. .2 

25 GRID 2 1. 2~ .2 

26 GRID 3 2. 2. .2 

27 GRID 4 O. 1. .1 

28 GRID 5 0.- 1. .3 

29 GRID 6 1. 1. .1 , 

30 GRID 7 1. 1. .3 

31 GRID 8 2. 1. .1 

32 GRID 9 2. 1. .3 

33 GRID 10 O. O. .0 

34 GRID 11 O. O. .4 

35 GRID 12 1. O. .0 

36 GRID 13 1. O. .4 

37 GRID 14 2. O. .0 

38 GRID 15 2. O. .4 

39 MAT 4 1 • 7.6 

40 PARAM ~PTI~N HEAT 

41 ,QHBDY 10 LINE 1.+3 2.0 12 13 

42 SPC 7 10 1 400. 11 1 400. 

43 SPC 7 . 12 1 400. l3 1 400 . 

44 SPC 7 14 1 400. 15 1 400. 

45 SPCl 7 23456 1 THRU 15 

46 TEMPD 11 70. 

47 ENDDATA 
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Input Explanation 

Notes: 3. 

8~ 

9. 

10. 

12. 

17. 

40. 

41. 

44. 

45. 

46. 

The heat flow option is currently available for 
Rigid Format 1 only. 

References heat flux boundary conditions. 

References temperature boundary conditions. 

References ambient temperatures. 

Output request for grid point temperatures. 

Heat convection elements for the surface. -

Required for heat flow option. 

Heat flux boundary conditions. 

Temperature boundary conditions. 

Only one defree of freedom per grid point allowed. 
All others must be constrained. 

Ambient temperature. 
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7.2.2 Hydroelastic Analysis 

Although the Hydroelastic capability maybe applied to many problems with 
combined structure and fluid effects, it was designed primarily to analyze 
the case'of a cylindrical'tank, partially filled with fluid, in a gravita­
tional field, e.g. the'fluid sloshing probrems of a liquid propellent rocket 
tank. The options include both rigid and flexible container boundaries, 
free surface effects, compressibility, and the options of gravity or vari­
able fluid densities. The analysis assumes small perturbations about static 
equilibrium, and second order velocity terms are ignored. 

Combined fluid and structure models may be analysed for eigenvalues; fre­
quency and random response, or transient response, Rigid Formats 7, 8 and 9 
respectively. Loads and initial conditions may be applied only to the struc­
ture and problems involving no structure maY'only be analysed for normal 
modes, Rigid Format 3. 

Remarks 

• The fluid is defined by finite a~isymmetric elements, 
CFLUID2, CFLUID3, and CFLUID4. Each element defines a vol­
ume of fluid generated by rotating a triangle or a qradri­
lateral about a central axis. -The corners of the triangle 
or qradrilateral are defined by RINGFL points located on the 
plane <p =0. An axisymmetric volume of fluid may be subdivided 
into these elements much like a flat plate is subdivided into 
triangles and quadrilaterals. . 

• . The RINGFL points are treated like GRID points in the struc­
tural problem except that each point is r~lated to a set of 
pressure coefficients rather than to a set of displacements. 
'This approach is very similar to the axisymmetric shell anal­
ysis in which the unknown degrees of freedom represent the 
coefficients of a Fourier Series about the circumference. 

• The boundary of the fluid may be defined in anyone of three 
ways. If the boundary is a free surface, a list of RINGFL 
points are specified on the FSLIST data card. If the bound­
ary is elastically supported, the RINGFL points to be con­
nected to the elastic structure must be specified on the 
BDYLIST data card. If neither of these options is specified, 
the boundary is assumed to be rigid with no flow across it. 

• If only the fluid and its free or rigid boundaries are de­
fined, Rigid Format 3 is used to produce normal modes. 

• If the fluid may be enclosed by a flexible structure defined 
with normal NASTRAN finite elements, Rigid Formats 7, 8, or 
9 may be used to produce natural modes, frequency and random 
response, or transient results. Although the modes may be 
undamped the formulation-produces unsymmetric matrices ,and 
the general complex eigenvalue analysis must be used. Loads 
and initial'conditions may only be applied to the structural 

grid points. " 
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• The FREEPT andPRESPT data cards may be used for addi­
tional output. The FREEPT data card defines a point on 
the free surface for output of the displacement normal 
to the surface. The PRESPT data card defines a point in 
the fluid for output of the pressure at that location. 
That point may ~e used as a'pressure pick -off for a con­
rol system or to model fluid flow into or out of the sys­
tem. The latter would require specification of a scalar 
spring to represent the pressure differential that would 
cause that flow. 

• The accuracy of the solution is controlled by the number 
of terms in the Fourier Serier (harmonics) .and, of course, 
the mesh size of the finite elements. The fluid elements 

t - are limited to a linear pressure distribution over each 
element in the plane, ~=O. The circumferential distri­
bution is determined by the harmonics chosen in the Fourier 
Series. If the fluid is bounded by rigid and/or free bound­
aries, the harmonics are not coupled and the normal modes 
may be de'termined with a separate run for each harmonic of 
the Fourier Series. 

• Axisymmetric structural elements can not be used. There­
fore, except for the location of the grid points at tqe 
fluid boundary, the structure need not be axisymmetric. All 
of the general finite element modeling features may be used 
except that GRIDB points are substituted for GRID points at 
the actual fluid/structure interface. 

7.2.2.1 Example ~ Hydroelastic Problem 

The problem to be illustrated is shown below and the input is given in 
Section 7.2.2.2. The model consists of one quarter section of a basket­
shaped tank filled with water in a one-g gravitational field. With . 
the boundary conditions shown, the lateral sloshing modes will be cal­
culated with structural flexibility effects in,cluded. All 6f the modes 
could be extracted, ho¥ever, by changing the constraints on the symmetric 
boundaries. 

• 
®@ 

00 

SYlTaTletri c 

1 
5.0 I 

4.0 -T- 4.0 ---I 
free Surface 
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FLUID / 
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7.2.2.2 Input Cards - Example Hydroe1astic Problem 

Card No .. 

1 ID HYDR0, USER 

2 APP DISP 

3 S0L 7,0 

4 TIME 2 

5 CEND 

6 TITLE = SAMPLE HYDR0ELASTIC PR0BLEM. 

7 SUBTITLE = EIGENVALUE ANALYSIS WITH FLEXIBLE B0UNDARY. 

8 AXISYM = FLUID 

9 SPC = 3 

10 cMETH0D = 1 

11 0UTPUT 

12 DISP = ALL 

13 HARM0NICS = ALL 

14 ELF0RCE = ALL 

15 BEGIN BULK 

BULK DATA FIELD 

Card 1 2 3 4 5 6 7 8 9 10 
No. 

16 AXIF 2 386.0 .96-4 N0 +AX 

17 +AX 1 3 

18 C0RD2C 2 O. O. O. O. O. 1.0 +C" 

19 +C" 1.0 O. I O. 
,. 

20 RINGFL 1 4.0 10.0 2 8.0 . 10.0 

21 RINGFL 7 4.0 5.0 8 8.0 5.0 

22 RINGFL 13 4.0 0.0 • 
23 CFLUID2 101 1 7 

24 CFLUID2 102 7 13 

25 ·CFLUID3 103 7 8 13 

26 CFLUID4 104 1 2 7 8 

(Continued) 
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Card 1 2 -
No. 

27 FSLIST .96-4 

28 BDYLIST 

29 GRIDB 3 

30 _ GRIDB 4 

31 GRIDB 5 
: 

32 GRIDB 6 

33 GRIDB 9 

34 GRIDB 10 

35 GRIDB 11 

36 GRIDB 12 

37 GRIDB 14 

38 GRIDB 15 

39 GRIDB 16 

40 GRIDB 17 

41 CQUAD2 10 

42 CQUAD2 11 

43 CQUAD2 12 

44 CQUAD2 13 

45 . CQUAD2 14 

46 CQVAD2 15 

47 PQUAD2 11 

48 MATI 12 

49 SPCl 3 

50 SPCl 3 
--

51 SPC1 3 

52 FLSYM 4 

53 EIGC ~ 

54 +EI :0. 

55 ENDDATA 

BULK DATA FIELD (CON'T) 

3 

AXIS 

-2 

, 

11 

11 

11 

11 

11 

11 

12 

. 10.6+6 

246 

135 

135 

S 

INV 

O. 

4 5 

1 2 

8 13 

0.0 

30.0 

60.0 

90.0 

_ 0.0 

3 

4 

5 

9 

10 

11 

0.5 

3 

6 

14 
I 

A 

MAX 

O. 
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30.0 

60.0 

90.0 

0.0 

30.0 

60.0 

90.0 

9 

10 

11 

14 

15 

16 

0.3 

9 

12 

15 

5. 

r .. 

6 

10 

11 

12 

15 

16 

17 

0.05 

14 

17 

16 

3. 

, 

7 8 9 10 

2 4 2 

2 4 2 

2 4 2 

2 ·4 2 

2 8 

2 8 

2 8 

2 8 

2 13 

2 13 

2 13-

2 13 

4 

5 

6 

10 

11 

12 

+EI 

2 2 



Input Explanation 

Notes: 3. 

8. 

1:0. 

12. 

13. 

16-17. 

18-19. 

20-22. 

23-26. 

27. 

28. 

29-40. 

41-51. 

52. 

53-54. 

• 

Rigid Format 7 is used to extract the eigenvalues of 
the system. Although the eigenvalues and eigenvectors 
may be real, the matrix formulation is unsynunetric and 
a general method must be used. 

The AXISYM card is necessary to identify a fluid problem 
for output purposes. 

Selects the EIGC card from bulk data. 

Requests printout of all displacements and pressures. 
. . 

Requests printout of the fluid pressure coefficients for 
ALL the harmonics. 

The required AXIF data card is used to set the miscel­
laneous general data for the problems. 

Specifies a cylindrical coordinate system to be used for 
defining both the fluid and the structure points. 

The RINGFL points define the fluid pressure degrees of 
freedom. The numbering sequence of the RINGFL and the 
GRIDB points when combi~ed, determine the matrix 
bandwidth. 

Defines the fluid element connectivities. The densities 
and bulk moduli are left blank thereby causing the de­
fault values on the AXIF card to be used. 

Defines the RINGFL points on the free surface. Since 
RINGFL points are not allowed at r = 0, the BCD word 
AXIS may be used. 

Defines the RINGFL points on the fluid/structure inter­
face. The default density is used by leaving field 2 
blank. 

Define the GRIDB points by their circumferential loca­
tion on the RINGFL point to which they. are connected. 
They serve the same purpose as GRID point cards. 

Defines the structural elements, materials, and con-. 
straints in the normal manner. 

Defines the symmetry conditions in order to couple the 
correct fluid motions to the structural boundary 
condition. 

Specifies the search region for the root extraction to be 
from zero to five radians per second with two roots 
~x~. ected. 



7.2.3 Acoustic Cavity Analysi~ 

The acoustic cavity analysis capability was implemented primarily to obtain 
the resonant frequencies of a ~ompressible fluid in a solid rocket motor 
cavity. The enclosed gas is modeled with finite elements. The surrounding 
propellant is assumed to be rigid and small motion theory j.s used, 1. e. the 
steady state velocities are small with respect to the wave velocity. Rigid 
Format 3 is used to obtain these resonant frequencies. ' 

The spape of the cavity may consist of a circular center volume surrounded 
by equally spaced narrow radial slots. The width and depth of the slots 
and the diameter of the center volume may vary along the axis of the cav­
ity. The finite-element model is defined by a set of two-dimensional ele­
ments lying on the center plane of one slot and on the corresponding cross 
section of the center yolume. The entire cavity is solved by assuming a 
Four~er Series of pressure and velocity around the circumference. With· 
minor correction terms, the pressure coefficients in the slots couple di­
rectly with the Fourier coefficients of pressure in the center volume. The 
user may request a printout of the pressures at the points and/or the ve­
locities in the elements. 

o 

Remarks 

• The fluid grid points are defined by GRIDF cards for the 
central volume and by GRIDS cards for the slot area. One 
degree of freedom is produced for each point in the model. 
The width and number of slots are defined on the GRIDS card. 
If the slot point lies on the opening to the central cavity, 
the location is specified on a GRIDS card on which is also 
given a uniqueGRIDF identifier. This eliminates the need 
for inputting a separate GRIDF card for the same point. The 
SLBDY card is used to define a list of GRIDS points which 
lie on the opening to the central cavity. 

• The GRIDF points are connected by the CAXIF2, CAXIF3, and 
CAXIF4 elements. Each element defines a volume generated by 
revolving the cross section shape around the center axis. 
'The CAXIF2 element defines a volume which contains the center 
axis. 

• The GRIDS points are connected by the CSL¢T3 and CSL¢T4 ele­
ments. Each element may have a different fluid property. 

• The default properties of the model are defined by the re­
quired AXSL¢T card. The harmonic index N specifies the 
Fourier Series term to be analysed. N = 0 restricts the mo­
tion to axisymmetric radial and longitudinal motion. N = I 
defines the lateral motion where the velocity. is normal to 
the center axis, etc. Repeated runs with N = 0, ·1, .•. M/2 
may be necessary to extract all possible modes. M is the 
number of radial slots specified. 
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• The default on all boundaries is a fixed surface. If a 
free surface with zero pressure is desired, the SPC or 
SPCl data cards may be used to constrain the pressure at 
selected points. 

• The two dimensional wave equation problem may be solved 
by using only CSL0T elements and GRIDS points, by spec­
ifying only one slot (M = 1) and by setting the harmonic 
index, N, to zero. 

• The finite element approximation assumes that the veloc­
ity is constant over the cross section of each element and 
that the pressure distribution does not vary across the 
width of the slot. In regions where the velocity may ab­
ruptly change direction, a finer finite element mark 
should be chosen. 

7.2.3.1 Example - Acoustic Cavity Problem 

The acoustic cavity shown below consists of a central cavity having a radius 
of four inches and four equally spaced slots. The cavity is open at the 
right end. 'The slot width varies linearly with radial position. The input 
data for the simple finite element model chosen is presented in Section 
Three CSL¢T elements and six CAXIF elements are used. The harmonic index 
is one, which will result in lateral motion. That is, the gas will travel 
back and forth across the cavity from one slot to the slot on the opposite 
side. 

Ri Si d 
Boundaries 

SYl1'Jr.etry ~_":-. __ -'" 

\.- Syr.rnetry 

Section A-A 

4/1 
51 t 

+-t------4f----""'-
4/1 Ce'ltral Cavity 

_t 
A 

p = a I t~~Z 
14/1-1 I. 

7.2.3.2 Input Cards - Example Acoustic Cavity Problem 

Card No. 

1 ID AC¢US 

2 .APP DISP 

3 S¢L 3,0: 
0 

4 TIME 2 

5 CEND 
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6 TITLE = AC~USTIC CAVITY EXAMPLE PR~BLEM 

7 SUBTITLE = FIRST HARM~NIC, LATERAL M~DES 

8 METH0D 

9 SPC = 1 

10 PRES = ALL 

11 STRESS = ALL 

12 BEGIN BULK 

BULK DATA FIELD 

Card 1 2 3 4 5 6 7 8 9 10 
. No. 

13 AXS~T 1.2-7 21.0 1 4 . 
14 GRIDS 2 4.0 0.0 0.2E 01 1 

15 GRIDS 3 8.0 0.0 1.0 

16 GRIDS 5 4.0 4.0 2.0 4 

17 GRIDS 6 8.0 4.0 1.0 

18 GRIDS 8 4.0 8.0 2.0 7 

19 GRIDS 9 8.0 8.0 1.0 
.. 

20 GRIDS 12 4.0 1.2+1 2.0 11 . 
21 GRIDF 10 2.0 .12.0 

22 GRIDF 13 2.0 1.4El 

23 CSL¢T4 1 2 3 6 5 

24 CSL0T4 2 5 6 9 8 

25 CSL¢T3 3 8 9 12 

26 CAXIF2 4 1 4 

27 CAXIF2 ,5 4 7 

28 CAXIF2 6 7 10 

29 CAXIF2 9 10 13 
• 

30 CAXIF3 7 7 10 11 . 
31 CAXIF3 8 10 11 13 

32 EIGR 11 GIV 3 +AB 

33 +AB MAX 

34 SLBDY 12 8 5 2 

35 SPC 1 13 

36 ENDDATA 
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Input Explana~ion 

Notes: 10-11. 

13. 

14-20. 

21-22. 

23-25. 

The PRESSURE control card requests output pressures 
at the GRIDF and GRIDS points. the STRESS control 
card requests the velocities in the finite elements. . . 
Required for acoustic cavity analysis and defines the 
default density, compressibility, harmonic index, slot 
width, and number of slots for the overall problem.· . 
These values may be overridden by the individual cards 
below. 

Defines the points on the slot. GRIDS 2, 5, 8, 9nd 12 
also define GRIDF points 1, 4, 7, . and 11 at the same 
location. The slot w dth is varied on these data· cards. 

Defines remaining GRIDF points directly. 

Specifies the CSL0T elements, which, in this case use 
the default fluid properties and number of slots speci-
fied on the AXSL0T card. 

Specifies the CAXIF elements of the central axisym­
metric volume. The default fluid properties will be 
used. 

34. Identifies the GRIDS points at the interface between 
the slots and the central volume • 

. 35. Sets the pressure at point 13 to zero. 
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7.2.4 Substructuring Analysis 

The capability is provided in NASTRAN with Rigid Fo'rmats land 3 for per­
forming a static and/or a normal modes analysis of lar'ge structures usirtg 
the substructuring technique. This technique consists of dividing up a 
structure into smaller comporient substructures, building ~Q~,corresponding 
matrices for each component and reducing them to the boundary gridpoint de­
grees of freedom. These reduced matrices are combined and the solution is 
obtained for the complete structure. Finally the reduction process is re­
versed and the detail solution is recovered for ea'ch substructure. These 
three phases of processing are described below. Each'required DMAP alters 
to the Rigid Formats used. -

Several significant advantages are gained by processing with the smaller 
substructure matrices using several computer runs rather than solving the 
complete structure all in one run. Each run is usually of much shorter 
duration with less core memory required for efficiency. And perhaps even 

l' more important, model checkout is easier and only those operations affected 
by modeling or data errors need to be rerun. There are some disadvantages, 
however. The user will spend more effort in data preparation, in keeping 
track of numerous user tapes and, of course, in submitting mUltiple runs. 

Remarks 

• The present NASTRAN substructure analysis requires that the 
user modify the corresponding Rigid Formqts with DMAP alters. 
This tool, however, is highly flexible and allows the user 
many options which are necessary to analyse a wide variety of 
of structural combinations and solution options. Although the 
DMAP alter e~amples given in this section and in the UMl.IO 
example will be adequate for many applications, it is reco~ 
mended that the user become familiar with the basic rules and 
operations before attempting any large, expensive runs. 

• A "Phase I" run must be made for each component substructure. 
In this run the structural matrices and load vectors are re­
duced (Guyan reduction) to only those degrees of freedom re­
quired to define the boundary connections and those retained 
to describe the dynamic effects. The results are written on 
tapes which must be set up by the user. The problem must also 
be checkpointed to allow for Phase III data recovery. 

c 

• The "Phase II" run is performed to combine the various compo­
nent substructure matrices and load vectors, apply constraints 
to the combination and structure, perform the required analy­
sis, and write the resulting solution vectors on user tapes. 
The primary user tasks are: 

1. To construct tables for preparation of the "partitioning 
vectors" which identify the degrees of freedom of each 
substructure relative to the entire set. 
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2. To supply the DMAP alter control cards to perform the. 
necessary operations. 

3. To input the Bulk Data necessary to analyse his partic­
ular problem. 

• A series of "Phase III" runs are used to obtain detailed results 
for each component substructure. The solu'tion vectors, gener­
ated in Phase II, are read from the' user tapes in conjunction. 
with the corresponding Phase I checkpoint tape for that sub­
structure. The solutions are processed with all of the normal 
output options available. The user must supply the required. 
DMAP alters and make all printing ~d plotting output requests. 

7.2.4.1 Example - Substructure Problem . 

The problem as illustrated below consists. of two substructures, represented 
by BAR elements, to be connected at one point. The x, y, and 9z motions are 
retained for all grid points of both substructures. Only the x and y dis­
placements are connected at the interface grid points. 

y 

1 ~z ® Substructure B 

+ ~ X 
~--------~~--------~~ 

L---__ ~::. e( . • .. @l ® (Omitted in Phase I) ® 
Substructure A 

~Spring to be added in Phase II 

The following table illustrates the "partitioning vectors" to be input on 
the DMI Bulk Data cards. One vector must be defined for each substructure. 
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Combination Substructure A Vector Substructure B Vector 
Scalar Point GRID Comp "VA" GRID Comp "VB" 

--

I 101 1 1.0 O. 

2 101 2 1.0 O. 

3 101 6 1.0 o. 
4 103 1 1.0 201 1 1.0 

5 103 2 1.0 201 2 1.0 
-6 103 6 1.0 O. 

7 O. 201 6 1.0 

8 O. 203 1 1.0 

9 O. 203 2 1.0 

10 O. 203 6 LO 

The example pres~nted here illustrates some of the alternatives to the 
sequence given in the UMl.lO including some of the more convenient methods 
of transfering data onto user tapes. Some specific differences are: 

1. The use of "tape labels" in the NAS~ system is redundant for 
most problems and may be conveniently dropped. 

2. The partitioning vectors are input in the Phase II run where they 
are actually used. 

3. The user may input structural elements to define a model in Phase 
II. However, if no elements· are specified, the user must provide 
a direct input stiffness matrix which may contain all zeroes. 

4. The sequence shown here allows the user to ~pecify gridpoint loads 
in Phase II in addition to the loadings carried over from Phase I. 

5. In many cases, the constraints will not be defined until the sub­
structures are combined in Phase II. This example shows, there­
fore, how to recover the support reactions in Phase III. 

7.2.4.2 Input Cards - Phase I 

In addition to the NASTRAN input data shown below, the user must provide the 
necessary system control cards to set up the NPTP and INPT user tapes. 
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Card No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Substructure A 
(Typical Phase I) 

1D PHASE ~NE $ SUBSTRUCTURE A 

APP D1SP 

S~L 1,0 

DIAG 21,22 

ALTER 84 

JUMP LBL7 $ 

ALTER 102 

~UTPUTI KLL,PL, ,,//C,N,O/C,N,O 

EXIT $ 

ENDALTER 

CHKPNT YES 

TIME 1 

CEND 

$ 

TITLE = SUBSTRUCTURE A, PHASE ~NE 

SUBCASE 1 

L~AD = 1 

SUBCASE 2 

L~AD = 2, 

BEGIN BULK 

20 ENDDATA 

Substructure B 

The data deck for Substructure B has virtualiy identical Executive and Case 
Control data cards. Of course, a different set of Bulk Data cards would be 
input to describe the model and loads for substructure B. The identical 
number of loadings must be selected in Care Control for both substructures, 
even if this requires .specification of a null load on one of the substructures • 

.... : 
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Input Explanation - Phase I 

Notes: 4. 

5-6. 

7-8. 

9. 

15-18. 

Diagnqstics' numbers 21 and 22 print out complete lists 
of all degrees of f~eedom and the partitions of the 
displacement set to which they belong. This ... output 
helps in constructing ~he partitioning vectors to be 
input in Phase II. 

This causes the system to skip the matrix decomposition. 
The Guyan reduction process has already eliminated the 
degrees of freedom specified in Bulk Data. 

The reduced stiffness matrix and load vectors are written 
on the INPT tape. No label is written. 

No solution is required for the substructure so the exe­
cution is manually terminated. 

The sequence of substructure loadings is defined for 
input to Phase II. 

7.2.4.3 . Input Cards - Phase II 

The Phase II requires tape mount requests for the INPT tapes created in Phase 
I. In this example, these tapes are named the INPT and INPTI for substruc­
tures A and B respectively. The output will be written on tape INPT2, also 
to be defined in the Job Control deck by the user. 

Card No. 

1 ID PHASE, TW0 $ C0MBINATI¢N 

2 APP DISP 

3 S0L 1,0 

4 TIME 4 

5 ALTER 28,28 

6 C¢ND LBLllA, N0ELMT $ 

7 ALTER 49 

8 PARAM //C,N,N¢P/V,N,TRUE=-l $ 

9 INPUTTI /KA,PA",/C,N,O/C,N,O $ 

10 MERGE ",KA,VA,/KGGA $ 

11 ADD KGG,KGGA/KGGC 

12 EQUIV KGGC,KGG/TRUE $ 

13 MERGE' ,PA""VA/PGA/C,N,l $ 

14 INPUTTI /KB,PB,,;/C,N,O/C,N,l $ 
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15 MERGE ",KB,VB,/KGGB $ 

16 . ADD KGG,KGGB/KGGD $ 

17 EQUIV KGGD,KGG/TRUE $ 

18 MERGE ,PB""VB/PGB/C,N,l'$ 

19 ADD PGA,PGB/PGC $ 

20 ALTER 60,64 

21 ALTER 95 

22 ADD PGC,PG/~GT $ 

23 EQUIV PGT,PG/TRUE $ 

24 ALTER 118 

25 PARTN UGV"VA/,UGVA,,/C,N,l $ 

26 PARTN QG"VA/,QGA,,/C,N,l $ 

27 PARTN UGV"VB/,UGVB,,/C,N,l $ 

28 PARTN QG"VB/,QGB,,/C,N,l $ 

29 ~UTPUT1 UGVA,QGA, UGVB,QEB/C,N,.O/C,N,2 $ 

30 ENDALTER 

31 CEND 

32 TITLE = C{6MBINATI~N STRUCTURE . 

33 ·SUBTITLE = STATIC L~ADS 

34 SPC = 2 

35 ~UTPUT 

36 DISP = ALL 

37 SPCF = ALL 

38 SUBCASE 1 

39 LABEL = L~AD CASE 1 

40 L~AD = 1 

41 SUBCASE 2 

42 LABEL = L{6AD CASE 2 

43 L{6AD = 2 

44 BEGIN BULK 
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Card - 1 2 3 4 5 6 7 8 9 10 
No. 

45 SP~INT 1 THRU 10 

46 CELAS3 101 5 1.5+3 

_ 47 SL~AD 1 9 0.0 

48 SL~AD 2 10 0.0 

49 SPC1 2 1 2 3 

50 DMI VA 0 2 1 1 10 1 

51 DMI VA 1 1 1.0 1.0 1.0 :J..O 1.0 +DMIA 

52 +DMIA 1.0 

53 DMI - VB 0 2 1 1- 10 1 

54 DMI VB 1 4 1.0 1.0 1.0 0.0 1.0 +DMIB 

55 +DMIB 1.0 1.0 

56 ENDDATA 

Input Explanation - Phase II 

Notes: 5-6. 

8. 

9. 

_ 10-11. 

12. 

13. 

,-

14-18. 

19. 

20. 
21-23. 

Premature termination is averted in the event the user 
does not input structural elements in Bulk Data. 

The parameter, TRUE, is set. 

The matrix and loads from sutstructure A are read from 
the INPT tape. 

The stiffness matrix from 'substructure A is expanded to 
the combination size, us~ng the direct input vector VA, 
and added to the existing matrix. 

The existing stiffness matrix is set to equal the sum 
from above. 

The load vectors from 'substructure A are expanded to the 
combination size. 

The same operations as in steps 9-13 are performed for 
substructure B. 

The load matrices from the two substructures are added. 

The grid point singularity output is skipped. . 

The load vectors defined in the Phase II run are added 
to those defined by the Phase I runs. The result is 
given the original name, PC. 
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24-28. The solution displacement and constraint force vectors 
are partitioned to correspond to each substructure. 

29. The results for both substructures are written on tape 
INPT2. No label is written. 

36-37. Outputs for the Phase II run will be identified by the 
scalar indices. 

38-43. Loads processing references load identifiers provided 
in Phase II. The loads input from Phase I have already 
been added to and identified by the Phase II identifiers. 

45. The combination structure has ten degrees of freedom. 
Using scalar points aids in identifying load and con-
straint points. , ' 

46-48. The DMAP alters given above require that a structural 
matrix and a loading data set be generated in Phase II. 
The user may input elements and loads in Phase II for 
this purpose, as is done here. (Note, the loads are 
in fact all zero.) The user may choose to provide ~ 
direct input matrix KGG in place of the 'structural ele­
ments. If desired, this matrix alsQ may contain all 
zeroes. 

49. Any constraints must be given in terms of the psuedo 
structure scalar points. 

50-55. The partitioning vectors are best defined in Phase II. 
Usually the final numbering of all the~egrees of free­
dom is not known until after the Phase I runs have been 
made. 

7.2.4.4 Input Cards for SubstructU1;e Example - Phase III 

In addition to the data cards given below, the user must provide the Job 
Control cards to set up the INPT3 tape and ¢PTP checkpoint tape from the 
Phase I run to be read in Phase III. 

Card No. 

1 ID PHASE, THREE $ RESULTS 

'2 APP DISP 

3 S~L 1,0 

4 TIME 1 

5 'ALTER 20,109 

6 PARAM //C,N,N¢P/V,N,TRUE=-l $ 

7 INPUTTI /ULV,QL,UDUM,QDUM/C,N,O/C,N,2$ 

8 ALTER 111 
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9 VEC VSET/VLG/C,N,G/C,N,L/C,N,C~MP $ 

10 MERGE QL"",VLG/QGC/C,N,2/C,N,2 $ 

11 ADD QGC,QG/QG2 $ 

12 EQUIV QG2,QG/TRUE $ 

13 ALTER 112,117 

14 ALTER 127,138 

15 ENDALTER 

16 

17 

18 

19 

20 

RESTART Dictionary 

CEND 

TITLE = SUBSTRUCTURE A, 

SUBTITLE = STATIC L~ADS 

~UTPUT 

21 DISP = ALL 

22 SPCF = ALL 

23 STRESS = ALL 

24 SUBCASE 1 

25 LABEL = L~AD CASE 1 

26 SUBCASE 2 

27 LABEL = L0AD CASE 2 

28 BEGIN BULK 

29 ENDDATA 

PHASE 3 

Input Explanation - Phase III Substructure 

Notes: 5. The structural assembly and solution operations are 
deleted. 

6. The parameter, TRUE, is set. 

7. The solution vectors from Phase II are read from file 
INPT2. The data for this substructure were written on 
the first two files. For substructure B the second two 
files are used. 

8-12. 

13-14. 

Since constraints were applied ~n Phase II and the forces 
of constraint are desired output, this DMAP alter will 
add the Phase II results to the Phase III resU'lts. 

The operations not strictly involved with output proces­
sing are deleted. 
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16. 

18-27. 

The restart dictionary from Phase I is used to s~~ 
the appropriate files. 
The output is controlled with the normal case control 

logic. 
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7.3 DIRECT MATRIX ABSTRACTION PROGRAM (DMAP) (UM-5) 

DMAP is the "programming language" of NASTRAN. DMAP instructions control 
the execution logic and sequence of the NASTRAN program operations. Each 
DMAP instruction causes a block (module) of NASTRAN code to be executed, 
and each Rigid Format is simply a sequence of DMAP instructions permanently 
stored in NASTRAN. The user may code and execute a DMAP sequence in place 
of ~ Rigid Format. He may also make changes to the Rigid Formats themr 
selves. In either case, the DMAP instructions are always included in the 
Executive Control Deck (UG 6). 

The format and detailed usage of all of the DMAP instructions are described 
in Chapter 5 of the User's Manual. Structurally oriented DMAP instructions 
and NASTRAN modules are described in Chapter 4 of the Programmer's Manual. 
The types of tasks which can be performed by NASTRAN using DMAP instructions 
include the following operations: 

1. Executive, e.g., checkpoint and exit (UM 5.3.4) 
2. Utility, e.g., read and write user tapes (UM 5.3.2) 
3. Matrix, e.g., add and multiply (UM 5.3,.1) 
4. Structural, e.g., structural matrix assembler (PM 4) 

In addition to these available options which are currently provided in­
NASTRAN, the user may program his-own functions which he himself must pro­
gram and implement into NASTRAN (UM 5.3.3). He mayimp1ementnis code as 
a completely new module which would require adding a new DMAP instruction­
to access that new module (PM 6.7 and 6.12). Or, he may use a series of 
skeletal DMAP instructions and their associated dummy modules which already 
have been implemented into NASTRAN for· the purpose of facilitating subse­
quent addition of user developed code (UM 5.3.3). 

The following sections present a series of simple, but typical examples 
using DMAP instructions from each of the four categories mentioned above. 
A particularly good set of more complex examples is described in detail in 
Section 7.2.4 where DMAP alters have been used for Substructuring Analysis. 

7.3.1 DMAP - Executive Operations 

The Executive Operation instructions (UM 5.3.4) can be divided into general 
categories (UM 5.2.2) as follows: 

1. Declarations (e.g., FILE, LABEL and BEGIN) 
2. Operations (e.g., CHKPNT, EQUIV, PURGE, and SAVE) 
3. Control (e.g., REPT, JUMP, C~ND, EXIT and END) 

These instructions are used by the DMAP compiler in NASTRAN to aid in file 
allocation, to interface between functional modules, and to control the 
order of execution both for cold starts and restarts after checkpointing. 

The example that follows is most useful for those situations which call for 
controlling the partial execution of a Rigid Format. The subsequent sec­
tions present additional examples of .execution operations. 
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7.3.1.1 Example 1 - Partial Execution of Rigid Format 1 

Alter Rigid Format 1 (Static Analysis) in order to stop execution after 
plotting the undeformed .structur.e. 

-

Card 
No. 

16 

17 

18 

19 

20 

21 

22 

Card No •. 

1 ID EXAMPLE1,M0DES 

2 APP .DISP 

3 S0L 1,0 

4 TIME 2 

5 ALTER 17 

6 EXIT $ 

7 ENDALTER 

'8 CEND' 

9 TITLE = DMAP EXAMPLE 1 

10 PL0TID = MODEl DESIGN CHECK 

11 0UTPUT (PL0T) 

12· • SET 1 ALL 

13 FIND SET 1 

14 PL0T 

15 BEGIN BULK 

BULK DATA FIELD 

1 2 3 4 5 6 7 8 9 10 

C0NR0D 1 1 2 1 1.0 . ' 

C0NR0D 2 2 3 1 1.0 

GRID 1 0.0 0.0 0.0 123456 
'GRID 2 1.0 1.0 0.0 3456 

GRID 3 2.0 0.0 0.0 123456 
MATI 1 3.+7 

ENDDATA 

Notes: 2. Use displacement approach. 

3. Use Rigid Format 1. 

5. Insert the immediately following DMAP instructions(s) 
after Line 17 of the Rigid Format identified by the 
S0L card (UM 2.3.1). . 

6. NASTRAN will execute the Rigid Format up to the point 
where it encounters "EXIT", where it will terminate. 

7. End of Rigid Format alters. 
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7.3.2 DMAP - Utility Operations 

The Utility Operation instructions (liM 5.3.2) can be divided into general 
categories as follows: 

1. Read and write of user tapes (e.~., INPUT, INPUTTi, ~~PUTi) 

2. Matrix and table printout (e.g., MATGPR, MATPRN, MATPRT, 
TABPRT, TABPT) 

3. Manipulate parameters (e.g.,PARAM, PRTPARM, SETVAL) 

.4. Display matrix topology (e.g., SEEMAT) 

5. Generate partitioning vectors (e.g., VEC) 

These utilities are particularly helpful for debugging a s'tructural model 
as well as for checking out new routines developed by a user. Also, when 
external programs are to be used for data preparation for input to NASTRAN, 
or for post processing the results obtained from NASTRAN, these utilities 
facilitate the transmission of these data (UG 9). Examples of these util­
ities are presented below and in subsequent sections. 

7.3.2.1 Example 2 - Printout of Table Data 

Alter Rigid Format 1 (Static Analysis) in order to print the grid point 
coordinates in the basic coordinate system. 

Card No. 

1 

2 

3 

4 

5 

6 

7 

ID 

APP 

S¢L 

TIME 

ALTER 

TABPRT 

ENDALTER 

8 CEND 

EXAMPLE2,BGPDT 

DISP 

1,0 

3 

5 

BGPDT//C,N,BGPDT 

9 TITLE = DMAP EXAMPLE 2 

10 BEGIN BULK 
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BULK DATA FIELD 

Card 1 2 3 4 5 6 7 8 9 10 No. 

11 C¢NR¢D 1 1 2 1 l. 

12 C¢NR¢D 2 2 3 1 l. 

13 GRID 1 .0 .0 .0 123456 

14 GRID 2 1- 1- .0 3456 

15 GRID 3 2. .0 .0 123456 

16 MATI 1 3.E+7 

17 ENDDATA 

Notes: 2. Use displacement approach •. 

.3. Use Rigid Format 1 

5. Insert the immediately following DMAP instruction(s) 
after Line 5 of the Rigid Format identified by the 
S¢L card. 

6. Print the Basic Grid Point Data Table (PM 2.3.3.5). 

7. End of Rigid Format alters. 
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7.3.2.2 Example 3 - Write User Tape and Printout Intermediate Matrix 

The following illustrates the writing of a user tape via F0RTRAN for use· 
in subsequent processing outside NASTRAN •. The matrix data represents the 

. mode shapes for the reduced set (ua) of dynamic degrees of freedom 
(TM 9.3.1) computed with Rigid Format 3 (UM 3.4.1). 

Card No. 

1 ID EXAMPLE3,TEST2 

2 APP DISP 

3 TIME 10 

4 S~L 3,1 

5 ALTER 91 

6 OUTPUT 2 PHIA",,//V,N,-1/V,N,11/V,N,TEST2 $ 

7 OUTPUT2, ",,//V,N,-9/V,N~11 $ 

8 MATGPR GPL,USET,SIL,PHIA//C,N,FE/C,N,A $ 
9 ENDALTER 

10 CEND 

11 TITLE = B~X3 FRAME 

12 SPC = 12 

13 METH¢D = 3 

14 DISP = ALL 

15 PL~TID = M0DE SHAPES WITH¢UT EQUIPMENT 

16 ¢UTPUT(PL0T) 

17 SET 1 = ALL 

18 VIEW 34., 30., O. 

19 MAXIMUM DEF~RMATI~N 12.0 

20 FIND SCALE 

21 PL0T M0DAL DEF~RMATI0NS 0, SET 1 SYMB¢LS 2, SHAPE 

22 BEGIN BULK 

23 ENDDATA 

Notes: 4. Requests execution of Normal MOdes Analysis. 

5. Insert following alter package following DMAP 
instruction· 91, Rigid Format 3. 
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6~ Requests output via F(6RTRAN of the mode. 'shapes for 
displacement set ua to user tape on F(6RTRAN Unit 11 
after rewinding and writing the NASTRAN label TEST2. 
(See UG 10 for F(6RTRAN unit assignments.) 

7. Writes final end of file (E(6F) on the tape. 
Note that the first comma is required as a 
delimiter when the first field is blank. 

8. Requests printout of the same mode shape matrix 
for all modes generated (Number of'modes is FE, 
Degrees of Freedom Set is A). 

9 •. Concludes the alter package. 

10. Concludes the Executive Control Deck. 

11-21. Case Control deck which specifies the constraint 
set, selects from Bulk Data the method of eigen­
value extraction, requests printing of the mode 
shapes for all grid points and directs the 
structural plotter package to plot all mode 
shapes underlayed by the undeformed plot of the 
model using all elements. , 

22-23. Contain the Bulk Data Deck for the model which 
would include either ¢MIT or ASET data to reduce, 
problem size via Guyan reduction to the desired 
displacement set ua • 
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7.3.3 DMAP -Matrix Operations 

The Matrix Operation instructions (UM 5.3.1) include the basic functions 
of adding, multiplying, partitioning, merging, transposing and solving 
matrix equations with single and double precision, real or complex data. 
These DMAP instructions may be used to process any matrix data generated 
by NASTRAN or input to NASTRAN-from outside sources v~a the "user tape 
facilities. 

7.3.3 .. 1 Example 4 - Processing with User Supplied Matrices 

The following example illustrates a complete DMAP sequence for reading 
two matrices from user tape, adding them together ,and printing the results. 

Card No. 

" 

1 ID EXAMPLE4,ADD 

2 APP DMAP 

3 TIME 5 

4 BEGIN $ 

5 INPUTT2 jMTXA,MTXB",/V,N,-ljV,N,15jV,N,B9U $ 

6 ADD MTXA,MTXBjMTXSUMj $ 

7 MATPRN MTXA,MTXB,MTXSUM"jj $ 

8 END $ 

9 CEND 

10 BEGIN BULK 

11 ENDDATA 

Notes: 2. Defines DMAP approach. 

4. Initiates input of user specified DMAP sequence. 

5. Reads in two matrices (MTXA and-MTXB) from user tape 
on F0RTRAN Unit 15 which were written via F0RTRAN 
by a program external to NASTRAN. (Note, this tape 
could also be ~ritten with NASTRAN using 0UTPUT2 
(UG 7.3.2.2).) NASTRAN tape label B9U is used for 
positive identification. 

6. Add the two matrices to form MTXSUM. 

7. Printout all three matrices. 

8. Terminates DMAP sequence. 

9. Terminates Executive Control Deck. 

10-11. Case Control Deck is empty except for initiation 
of the Bulk Data Deck which should contain at least 
one Bulk Data Card (e.g., DMI cards w~th null data) 
and the ENDDATA card required to terminate the 
NASTRAN input stream'. 
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7.3.4 DMAP - Structural Operations 

The Structural Operation instructions (PM 4) include all the basic func­
tions specialized to solving structural problems. These include processing· 

..... ~ 
of basic input data, generation and assembly of element and user specified . 
stiffness, mass, damping and load matrices, execution o·f static and dynamic' ~ 
analyses and data recovery. Tne modules called by these DMAP instructions 
may in turn call the utility matrix operation subroutines as required to 
process the data. 

The best examples for use of the ,Structural Operation DMAP instructions, 
of course, are the Rigid Formats themselves. A simple application is . 
illustrated below. For more complex applications, see the Substructuring 
sample input in this Guide, Section 7.2.4. Additional examples are given 
in the User's Manual, Section 5.4. ,. 

7.3.4.1 Example 5 - Replace Program Generated Data with User Data 
~ 1 

This example illustrates an alter to Rigid Format 3 (Normal Mode Analysis) 
so that a mass matrix input on DMIG Bulk Data cards is used in place of 
the NASrRAN generated mass matri .• 

Card No. 

1 ID EXAMPLES,DMIG 

2 APP DISP 

3 TIME 2 

4 S~L 3,0 

5 ALTER 28,2~ 

6 MTRXIN, . ,MATP~~L,EQEXIN,SIL,/MFR~MDMI/"I 

·7 V,N,LUSET/v,N,N~MGG/C,N,O/C,N,O $ 

8 ENDALTER 

9 ALTER 30 

10 SETVAL /IV,N,EQIV/C,N,-l $ 

11 SAVE EQIV $ 

12 EQUIV MFR~MDMI,MGG/EQIV $ 

13 ENDALTER 

14 CEND 

15 TITLE = DMAP ALTER, EXAMPLES 

16 METH~D = 10 

17 DISP = ALL 

18 BEGIN BULK 
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Card 
No. 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

BULK DATA FIELD 

1 2 3 4 5 6 7 8 ° 9 10 

C~NR~D 1 1 2 1 1.0 

C~NR~D 2 2 3 1 1.0 

DMIG MFR~MDMI 0 6 1 2 

DMIG oMFR¢MDMI 2 1 2 1 1.5+3 

DMIG MFR~MDMI 2 2 2 2 1.5+3 

EIGR 10 GIV 2 +EIG10 

+EIG10 MAX 

GRID 1 0.0 0.0 0.0 123456 

GRID 2 1.0 1.0 0.0 3456 

GRID 3 2.0 0.0 0.0 123456 

MATI 1 3.+7 

ENDDATA 
00 

Notes: 2. Use displacement approach. 

3. Select Rigid Format. 

5. Replace line 28 of Rigid Format 3 (UM 3.4.1) with 
the following DMAP alter. 

6-7. Use the structural operation MTRXIN (PM 4.57) to 
replace SMA2 (PM ) and create the matrix 
MFR¢MDMI supplied by the user on DMIG Bulk Data 
cards. Sets flag N¢MGG = 1 if that matrix is 
created, otherwise sets flag to -1. ° 

8. Conclude current alter package. 

9. Initiate another alter package to be inserted fol­
lowing line 30 of Rigid Format 3 (without replacing 
line 30). 

10-11. Set flag EQIV = -1 and save for use in next 
instruction. 

12. Equivalence user supplied matrix (MFR~MDMI) to the 
NASTRAN mass matrix (MGG). This user supplied 
matrix will now be used in all subsequent operations 
which reference MGC. ° 

13. Conc~udes current DMAP
o 
alter package. 

14. Concludes Executive Control Deck. 
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15-18. Case Control deck for extracting ~orma1 modes and 
specification of output requests. 

21-23. Provides data for user supplied mass matrix refer-
enced above by the name provided here (MFR~MDMI). 

Sp~cial Notes: The data set MATP0~L used as input for MTRXIN (Card No.6) 
is generated during the NASTRAN preface operation (PM 2.3.2) and is not 
an output from a previously specified DMAP instruction. Also, the two 
cards #10 and 11 can be replaced by the entirely equivalent utility 
operation (UM 5.3.2): 

.PARAM /IC,N,N~P/V.N,EQUIV = -1 $ 
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8. OUTPUT AND PLOTTING 

8.1 OVERVIEW 

The possible options for printing and/or plotting the results obtained with 
NASTRAN are many and varied. In most cases the labeling of this output is 
self-explanatory, or it is deductively obvious. In spite of the wide variety 
of pos~ibleoutput, certain uniformity has been provided to expedite its in-· 
terpretation. This chapter, therefore, will discuss only the characteristic 
sets of output and will describe some of the perhaps less obvious interpre­
tations where necessary. 

8.2 PRINTED OUTPUT 

The types of NASTRAN printed output may be subdivided into four general 
categories according to input echo, error messages, Case Control requests, 
and miscellaneous. The latter category itself may be segregated into spe­
cial output requests, controlled other than from Case Control, an4 automatic 
output. The location of this output will vary with the sequence of opera­
tions performed by NASTRAN, and some will vary with the particular computer 
system being used. Each of these output categories will be discussed in 
the sections that follow. 

8.2.1 Input Data Echo and Diagnosis 

The input data to NASTRAN undergoes extensive checking, rearranging, and 
numerical processing in the initial phases of execution. The Executive 
Control Deck, the Case Control Deck, the Bulk Data Deck, and the DMAP 
sequence are processed in four phases, each phase having its own procedure 
for processing and diagnosis. 

The Executive Control Deck is printed as shown in Figure 8-la on every exe­
cution of NASTRAN exactly as it is input on cards, except when approach DMAP 
is used. In this case, the DMAP deck is echoed later. Diagnostic messages, 
if any, follow the printout of each data card. 

The Case Control Deck printout is shown in Figure 8-lb. All input cards are 
printed with no modifications. The diagnostic messages deal primarily with 
proper data format. In certain levels of NASTRAN, a complete list of all 
legal Case Control requests are printed if the user misspells a request. 
The plot control cards, a subset of the Case Control Deck, are processed in 
a similar manner. 

The Bulk Data Deck may be printed in two forms, depending on the ECH¢ option 
selected. The unsorted Bulk Data echo option (Figure 8-2) is an unprocessed 
printout of the input 'Bulk Data Deck. On a restart from a previous run, 
only the new cards and deletion cards are printed along with a sorted echo 
of the modified Bulk Data Deck, including these new cards that were added. 

8-1 



The default printout is a sorted echo (Figure 8-3) of all the Bulk Data 
cards to be used in the computer run. They are arranged in alphabetical 
and numerical order. All entries in fields 2-9 are shifted and left­
justified by NASTRAN for proper alignment to facilitate the sorting. 
The continuation cards are printed following the parent card. No comment,· 
cards are printed in the sorted echo. Each card is assigned a sequence 
number on the left-hand side to allow for modification of the Bulk Data 
Deck on restart from a checkpoint. 

The diagnostics are printed with the sorted Bulk Data Echo. If errors 
occurred in the data format, the card containing the error is identified as 
shown in Figure 8-3. On some systems it is printed again, and the specific 
data field containing the error is underlined. The Bulk Data Deck is 
processed one card at a time, and errors occurring from a combination of 
different data cards may not be detected at this time. 

Following the Bulk Data Deck, in most versions of NASTRAN, is the DMAP com­
pilation listing (UM 3.2 to 3.13). In normal structural analyses, this is 
a listing of the Rigid Format selected in the Executive Control Deck, in­
cluding the user-selected ALTER modifications, if any. Chapter 3 of the 
User's Manual describes the Rigid Formats, and Chapter 5 of the User's 
Manual describes the details of the DMAP language. Diagnostics should not 
occur unless the user has modified the Rigid Format. 

A special procedure is used on a restart from a previ~us run. The DMAP 
operations to be executed on this run are identified with an aster~sk (*). 
,The types of data which are to be modified are marked with a dollar sign ($). 
Only those users who are interested in the detailed mathematical operations 
performed during a restart need to be concerned with these details. 

8.2.2 Error and Warning Messages 

The NASTRAN system will print out messages to the user for several reasons: 
user information messages, user warning and fatal messages, and system error 
messages. Most of these messages are listed with a brief description in 

. Chapter 6 of the User's Manual. Each message is given a number and may re­
fer to a specific data item, mathematical operation, or internal operation. 
Fatal messages will cause the program to exit. Examples are given in 
Figure 8-4. 

Of specific user interest are the user information messages which provide 
data regarding the performance of a particular job. User information mes­
sages 3023 through 3028 provide data on the matrix decomposition. These 
include such data as the semi-bandwidth (B), the active columns (C), the 
number of columns held in core (R), and the estimated CPU running time,in 
seconds. Message number 3035 prints out the error ratio for a solution. 
Message number 2073 prints the method selected for a matrix multiply opera­
tion. These messages aid the user in detecting problems with running time 
and accuracy. 

Another type of message is the warning of gridpoint singularities (Figure 
8-4) which provides useful information. This printout lists the grid points 
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which have. a possible singularity in the stiffness matrix. The number of 
singularities and the specific unconstrained degrees of freedom (gridpoint 
displacements or rotations) are listed in the order that they are detected. 
This is only a warning message and may not be significant in certain special 
cases. 

8.2.3 Printout Requested by Case Control 

The output data processing for presentation pf results is performed by 
NASTRAN with a single, general purpose routine which prints titles, labels, 
column headings, and the numerical results. It is therefore obvious that 
many types of data will share similar formats and have the same general 
appearance. 

The Case Control input contains specifications for the type and contents of 
printout (UG 5.3). Each output request defines a physical type of variable 
and specifies a set of points (Figures 8-5, 6 and 7) or elements (Figures 
8-8, 9 and 10) to which the request applies. Options are available to print 
out the results of a dynamic analysis in either of two types of s~rt. The 
default option, S0RTl, will print the results for all points or elements for 
each time step or frequency. S0RT2 will print the results (Figures 8-6 and 
10) for each point or element for all time steps or frequencies. 

In certain dynamic problems (Figures 8-7 and 10 for Complex Eigenvalues or 
Frequency Response), the output consists of complex numbers. The user has 
the option of specifying the output to be printed in a real/imaginary format 
or in a magnitude/phase angle format. Each pair of numbers is written with 
the real value or magnitude directly above the imaginary value or phase angle. 
(Note: The phase angles are in degrees.) 

The most common format of printed output relates to ·the grid, scalar, or 
extra points (Figures 8-5, 6 and 7). The following quantities are printed 
in this format: 

• DISPLACEMENT 

0L0AD 

SPCF0RCE 

VEL0CITY 

ACCELERATI0N 

VECT0R 

PRESSURE 

THERMAL 

In dynamic analysis, the following types of output are available as 
S0LUTI0N s~t output (Figure 8-7): 

SDISPLACEMENT 

SVEL0CITY 

SACCELERATI0N 

NLL0AD 

This output provides the results only for the degr~es of freedom used in the 
solution of the dynamic problem. If a direct. formulation is used, the quan­
tities printed relate to the motion of the grid, scalar, or extra points re­
maining after the constraints and matrix reductions have been applied. If a 
modal formulation is used,. the output describes the motion of the modal 
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coordinates and any user-supplied extra points. TheNLL0AD output request 
provides the nonlinear, displacement-dependent loads generated only for the 
transient analysis. 

Note that grid, scalar, and extra points as well as modal coordinates may' 
be intermingled in the output. The points with only one degree of freedom 
are printed in'a special format. The "ID" = N number is printed only for 
the first point in a sequential set of up to six such points. The results 
for the second and succeedi~g points are printed on the same line with the 
first. If more than six points occur in a numerical sequence, the seventh 
"ID" will be printed so as to identify the second line of printout, and so 
on for every succeeding set of six such points. 

In the general gridpoint output, the values given for Tl, T2, and T3 corre­
spond to the three translations, and Rl, R2, and R3 correspond to the three 
rotations of that grid point. The orientation of these displacement compo­
nents is defined by the output displacement coordinate system, which is 
either the NASTRAN "basic" rectangular system or a special 'coordinat,e system 
that is specified by the user for that grid point. If a rectangular system 
is used, the TI, T2, T3 and Rl, R2, R3 directions correspond to the X,Y,Z 
axes of that system. If a cylindrical system is used, the directions are 
TI = ur (radial), T2 = ue (circumferential), and T3 =,uz (axial). The rota-
tions Rl, R2, and R3 are given in units of radians and are defined as vectors 
with the same directions as the translations. 

The formats of the element forces and stresses (Figures 8-8, 9 and 10) are 
not as uniform as the output formats for gridpoint data. Each element type 
has a particular set of output quantities which is printed in a self­
explanatory format. These formats may vary with the type of analysis. 
Element force output, in general, is the self-equilibrating internal load 
system for that element in units of force (moment), or force (moment) per 
length: Element stress output, in general, consists of direct stresses at 
a particular point in the element. Both these sets of element output quan­
tities are defined in the local element coordinate system. Chapter 2 of the 

"User's Manual lists the output quantities available for each -element. 
Examples of these printouts are given in Figures 8-8 and 9. The first ex­
ample is a typical element stress output; the second is a more elaborate 
printout of the moments and shear forces occurring in the harmonic analysis 
of .an axisymmetric conical shell element. As with the gridpoint data print­
out for dynamic analyses, these values may be real or complex, and may be 
requested in either S0RTI or S0RT2 format (Figure 8-10). 

8.2.4 Miscellaneous Printout 

Along with the standard output options, certain results are printed auto­
matically or may be selectively requested independent of the Case Control 
options. Those quantities which are selected by the user are described be~ 
low, followed by a description of the results which are output au~omatically. 

8.2.4.1 Parameter-Controlled Output 

Specialized output may be requested via the PARAM Bulk Data Card (UM 3.1.5). 
These options include: 
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GRDPNT - requests the weight and balance results (Figure 8-11) 

The output quantities .for the user-specified grid points are: 

1. Reference points. 

2. Rigid body mass matrix [MO] relative to the reference point 
in the basic coordinate system • 

. 3. Transformation matrix [S] from basic coordinate system to 
principal mass axes. 

4. Principal masses and associated. centers of gravity. 

5. Inertia matrix I(S) about the center of gravity relative 
to the principal mass axes. 

6. Inertia matrix I(Q) about the center of gravity relative 
to the principal inertia axes. 

7. Transformation matrix [Q] such that [I(Q)] = [Q]T [I(S)] [Q). 

The generality of this output is necessary due to the potential problems of 
the user inputting directional masses and general inertia terms'. The effects 
of scalar points are ignored, but all other mass effects are included. 

IRES - requests the printout of the static analysis 
residual load vector (Figure 8-12) 

Thiswi~l produce a printout of the error occurring at each solution degree 
of freedom for each static load vector. The form of the data is in general 
matrix output format printed by the DMAP module MATGPR (UM 5.3.2). 

8.2.4.2 DMAP-Controlled Output 

The Utility Output Module (UM 5.3.2) printout is controlled by including 
DMAP modules MATPRN, MATGPR, and/or TABPT in the DMAP alters to a Rigid 
Format or in the user-specified DMAP program. The MATGPR module which prints 
results with gridpoint references, and MATPRN module which prints results 
using the internal numbering sequence; are highly recommended for finding 
difficult errors in a matrix formulation, but the size of printout precludes 
their use in routine debugging of large problems. Examples of the printout. 
format are given in Figures 8-12 and 13. The TABPT module prints the inter­
nal NASTRAN table data specified in the DMAP instructions. The use of these 
modules requires some knowledge of the DMAP language (UM 5), and requires 
an understanding of the NASTRAN data block contents (PM 2). 

8.2.4.3 Automatic Printout 

Diagnostic printout which may be augmented with the Executive Control DIAG 
card (UG 6.2, UM 2.2) is a convenient tool for the experienced NASTRAN user 
to analyze the execution of a problem. A description of all possible out­
puts is beyond the scope of this Guide. Also, an understanding of some of 
the available printout requires a knowledge of the NASTRAN program. 
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Some of this diagnostic output is automatic in most versions of the NASTRAN 
system. This printout occurs in different locations, depending on the par­
ticular computer system being used. The standard output consists of the 
begin and end times (DIAG,5,6) for every· functional module and some of the 
major subroutines. 

When a user requests a checkpoint be taken, the restart data is automatically 
printe·d. This data is written as it is created and is a duplicate of the 
checkpoint dictionary cards punched at the end of each run. If the·restart 
deck is lost, the cards may be punched manually from this printout. 

Every time an eigenvalue extraction routine is executed, the Eigenvalue 
Summary Tables are automatically printed. This occurs in normal modes, 
buckling, and complex eigenvalue analyses. The output shown in Figure 8-14 
includes the eigenvalue routine diagnostics and the eigenvalues, frequencies, 
generalized (modal) mass, and generalized (modal) stiffness for each solution 
root. Refer to the Rigid Format descriptions (UM 3) for a definition of the 
contents printed for each Rigid Format. 

Each time a plot output request is made, a Plot Summary Table is automati­
cally printed for both the structure (Figure 8-15) or XYPL~T plot (Figures 
8-16 and· 17) operations. Each plot produces a page of output containing 
data in the scale factors, origins, sets, labels, and/or curve maximums and 
minimums. 

8:3 STRUCTURAL PLOTTING 

The structure plot control options as summarized in Table 8-1 are described 
in detail in Chapt~r 4 of the User's Manual. Illustrative examples of their 
use are explained in Chapter 7 of this Guide. The following describes the 
actual results and contains recommendations for general usage. 

1. The undeformed plots are generated near the beginning of 
the NASTRAN execution. These plots are excellent tools to 
be used for checking the geometry and element connectivities 
of· a model. For large complex problems, it is recommended 
that several plots be made using different sets of elements, 
view angles, and labeling options in various combinations. 
The user may then select the best views of his structure for 
plotting the results of subsequent runs. 

2. Use of the FIND option is recommended to automatically cal­
culate the origin and scaling factors used for plotting each 
section of a structure. Figure 8-15 illustrates the plot 
data summary printed out for each plot requested. If the. 
user specifies his own data, it is possible that some points 
will not be included in the plot. This also occurs frequently 
when a different set of structure elements are plotted with 
tqe origin and scale of a previously plotted structure. The 
FIND card should be used before each PL~T command, unless the 
structure and view data are unchanged. This problem also 
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TABLE 8-1. SUMMARY FOR STRUCTURAL PLOTTING OPTIONS 

PL¢TID 

SET 'i 

PL¢TTER 

PR¢JECTI¢N 

AXES} 
VIEW 

MAXIMUM 
DE~RMATI¢N 

SCALE 

¢RIGIN 

VANTAGE P¢INT 

PR¢JECTI¢N 
PLANE 
SEPARATI¢N 

¢CULAR 
SEPARATI¢N 

CAMERA 

STRUCTURAL PLOTTING OPTIONS 

Opt'l to give plot identification, must prec,ede 
. ¢UTPUT (PL¢T) 

Req'd and specifies sets of ~lements for plo'tUng 
(UM 4.2.2.1 for options) 

Opt'l to specify plotter name and M¢DEL names (UM.4.1) 
if other thanSC 4020 (UM 4.2.2.2 for options) 

Opt'l to specify type if other than ¢RTH¢GRAPHIC 
(TM 13.) 

Opt'i to define observer's coordinate system and to 
position the figure (UM 4.2.2.2) 

Req'd to speci"fy scale for plotting deformed structure 
and must precede FIND card (UM 4.2.2.2) 

Req'd to specify scale of plotted object, may be 
replaced by FIND card (UM 4.2.2.2) 

Req'd to define origin of plotted object relative to 
lower left-hand corner of paper, may be replaced by 
FIND card (UM 4.2.2.2) 

Req'd to specify location of observer with respect to 
structural model for either prespective or stereo­
scopic projections only, may be replaced by FIND card 
(UM 4.2.2.2, TM 13.) 

Req'd to specify R-direction separation of the observer 
and the projection plane for perspective or stereo­
scopic projections only, may be replaced by FIND card 
(UM 4.2.2.2, TM 13.) 

Opt'l to specify S-coordinate separation ot the two 
vantage points of other than 2.756 inches in the 
stereoscopic projections only (UM 4.2.2.2) 

Opt'! to specify type of film and/or paper and number 
of blank frames on microfilm plotters only (UM 4.2.2.2) 
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occurs when a deformed structure is plotted and the MAXIMUM 
DEF{6RMATI{6N card is missing. Without it, the scale is 
chosen to place the extreme ~imits of the structure at the 
edg~ of the plot. Large deformations at these points, 
therefore, might not get plotted. 

3. The use of the symmetry options, perspective a~d stereo pro­
jections, and user-defined scales and origins is not recom­
mended for the inexperienced user. See the sample input data 
decks of Section 7.1.1.2 for examples and explanations. These 
options are best approached in an experimental mode with the 
anticJpation of encountering some problems. These options 
are precisely defined in the User's Manual, Chapter 4, but 
there are many possibilities for user errors. 

4. Quite frequently some of the plotter choices available in 
NASTRAN are not compatible with a certain installation hard­
ware or may be inefficient for some plotters. Plot tape con­
version programs are commonly available to remedy these situa­
tions. They require only an additional tape set-up and an 
extra job step in the job control deck. 

8.4 XY{6UT/XYPL{6T* 

The XY~UT options CUM 4.3) are used for a variety of purposes in dynamic 
analysis. The prime use is to produce curve plots of selected variables ver­
sus time or frequency. The options· are also available to print out selected· 
components of the results versus time or frequency, or to print out the peak 
values only. Also, the printer itself may be used as a plotter when quick 
qualitative results are desired. The printed characters are placed in loca­
.tions on the printout to represent one or more curves at a time. 

The XY{6UT options provide the only means for requesting printed output from 
a Random Response analysis. Examples of the printed output provided are 
shown in Figures 8-16 and 17.· Note that this output includes maximums and 
minimums for each curve being plotted • 

. The command cards to produce XY{6UT printout or plots ~re illustrated in 
examples given in Chapter 7 of this Guide, and details are described in 
Section 4.3 of the User's Manual. The following discussion is concerned 
with aiding the user in interpreting his output and avoiding problems. 

1. Quite frequently the user cannot anticipate the critical 
points and elements for which plots are desired. The use 
of a shotgun approach to plot a large number of points and 
elements may be inefficient and confusing. A common pro­
cedure is to checkpoint the solution run and print out 

*XY{6UT and XYPL{6T options are synonymous. 
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• 
much of the data. From these data, the critical points 
and elements and the plot scales may be selected, and a 
restart can be made for plotting only. 

2. The automatic selection of scales in the XYPL0T option was 
designed for the general case and may be undesirable for a 
specific user problem. For instance, quantities which are 
to be compared should be plotted with the same scale with 
perhaps more than one curve plotted per page. But, the 
plotter automatically sizes each plot to reach the upper . 
and lower limits of the plot region specified. The proce­
dure suggested in #1 above should help avoid this problem. 

3. The automatic labeling of the plots includes the point or 
element identification number and plot sequence number. 
This sequence number corresponds to the orde.rin which the 
plots were created. A separate and unique TCURVE title for 
each frame should be input for ·every plot. Later this title 
will be very useful when the user attempts to recall what 
he had intended to. have s.hown in each plot. 

4. The number of options available in the XY0Ur control package 
is usually overshelming to the beginner. It is suggested 
that, at first, single plots be placed on single frames and 
that most of the defaults be used. If a checkpoint has been· 
taken, the options could be selectively and economically 
experimented with, using the restart feature of NASTRAN. 

8.5 MATRIX TOPOLOGY 
• 

NASTRAN provides a special capability to print or plot the topology of any 
matrix. This capability requires the user t·o insert a DMAP alter packet 
(UG 7.3) with the SEEMAT instruction (UM 5.3.2) which identifies the matrix 
data set and· select·s the output options. Whether printed or plotted, the 
SEEMAT output will show the nonzero matrix elements positioned pictorially 
by row and column within the outlines of the matrix. Currently, SEEMAT 
identifies each degree of freedom which, for large matrices, will produce a 
large volume of output. 
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9. DATA TRANSMISSION 

NASTRAN allows the user to conveniently and easily read and write data 
blocks on user tapes. Access to this capability is provided through the 
five DMAP-cal1ab1e modules summarized in Table 9-1. The user must code a 
DMAP sequence or use Rigid Format alters to make use of these ut~lities. 
EacQ option and its use is .exp1ained in the sections 'that follow. 

TABLE 9-1 DATA TRANSMISSION UTILITY MODULES 

Module Data Format Operation 

INPUTTI GINI/S Read 

INPUTT2 FI/SRTRAN Read 

¢)UTPUTI GINI/S Write • 
I/SUTPUT2 FI/SRTRAN Write 

I/SUTPUT3 "DMI" CARD Punch 

9.1 TRANSMISSION OF NASTRAN GINI/S FILES ON TAPE 

If the user wishes to place any of the standard NASTRAN files on tape for 
direct input to subsequent NASTRAN runs, he may call the DMAP utility 
modules INPUTTI (PM 4.98) and I/SUTPUTI (PM 4.100) for this purpose. These 
modules will use the NASTRAN read/write utility GINI/S (G~nera1 Input/Output) 
routines. Use of GINI/S will provide the most efficient processing of all 
the utilities listed in Table 9-1. Examples of how INPUTTl and I/SUTPUTI 
can be used, can be found in this Guide, Section 7.2.4 on Substructuring 
Analysis and in Section 7.3 on DMAP instructions. Many examples with 
explanations are presented in the UM 5.3.2. 

9.2 TRANSMISSION OF FI/SRTRAN FILES ON TAPE 

A more general:capability, whereby the user ~y interface NASTRAN with . 
external computer programs, is provided by the DMAP utility modules INPUTT2 
(PM 4.99) and ¢)UTPUT2 (PM 4.101). These two utilities read (or write) data 
blocks (tables or matrices) from tape using standard unformated F¢>RTRAN 
I/I/S calls. Examples of how to use INPUTT2 and I/SUTPUT2 can be found in this 
Guide,Section 7.3. The same examples given in UM 5.3.2 for INPUTTI and 
I/SUTPUTI apply here and should be referenced by the user along with the data 
format explanations given in PM 4.99. See UG 10 for details of which 
F¢>RTRAN units are available for reference. These will vary from one com- ' 
puter system to another. If the user intends to communicate these tables 
and/or matrices only between NASTRAN runs, he should use the more efficient 
DMAP utilities described above in Section 9.1. 
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9.3 TRANSMISSION OF MATRICES VIA CARDS 

Occasionally a user may wish to store a particular matrix on cards rather 
than on tape. This may be to facilitate preparation of Bulk Data cards, 
for pe~anent storage and/or shipment or to allow for selective modifica- . 
tion of the matrix data. For these purposes, NASTRAN provides the DMAP 
utility module ~UTPUT3 (PM 4.103) which will punch a specified matrix on 
cards'using the DMI Bulk Data card format. Note that to use these data 
from the Bulk Data Deck, the user must include an appropriate DMAP alter 
package to define the data block for NASTRAN to use. the data in subsequent 
processing. An example of a similar application using the DMIG input 
cards is included in Section 7.~.4.l of this Guide. 

9.4 GENERAL USAGE AND EXECUTIVE DECK SET-UP 

Section 5.3.2 of the User's Manual contains complete descriptions of the 
usage of the above modules. Comprehensive annotated examples may also be 
found in that section. 

Detailed descriptions of the contents and format of all NASTRAN data blocks 
may be found in Chapter 2 of the Programmer's Manual. The details of the 
processing relative to each of these modules, including formats for the 
F~RTRAN data blocks, can be found in PM 4.98 through 4.103. 

The particular user tapes for INPUTTI and ~UTPUTI (INPT,INPl, ••. ,INP9) and 
for INPUTT2 and ~UTPUT2 (UTI, ... ,UT5) which are to be read from or written 
to, are se~ected in the DMAP calling sequence (UM 5.3.2). The parameters 
in the DMAP calling sequence allow the user to position the tape, to read 
or write, to mark an end of file and to place a NASTRAN label on the tape 
if so desired. If the resident computer system allows him to do so, the 
use~ may, if so des~red, assign space on a disk rather than use a physical 
tape for storage of these sequential files. 

The execution deck set-ups for user tapes are described in Chapter 10 of 
this Guide, complete with annotated examples. The user should make refer­
ence to this chapter in order to augment the information on the tape assign­
ment conventions contained in the User's and Programmer's Manuals. Also, 
it should be noted, these conventions may vary with the particular computer 
installation being used. 
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10. CONTROL CARD DECK SET:""UP 

This,chapter is designed to orient a new user of NASTRAN to the basic re­
quirements for operating NASTRAN on any of the standard computer systems 
listed in Table 10-1. 

'TABLE 10-1. STANDARD COMPUTER SYSTEMS FOR NASTRAN 

Section Computer System 

10.1 UNIVAC 1108 (Exec 8) (PM 5.4) 

10.2 IBM 360/370 (0S) (PM 5.3) 

10.3 CDC 6400/6600 (SC0PE 3) (PM 5.5) 

NASTRAN is maintained by NASA on each of these three basic systems: Though 
a vast majority of the NASTRAN subroutines are written in a subset of F0RTRAN 

I ' 
which is compilable on all three systems, certain utilities have been written 
in ass~mbly language to facilitate interfacing the NASTRAN Executive System 
with the'resident operating system software. 

NASTRAN itself consists of approximately 90 boxes of source code and is cur­
rently subdivided into 14 functional links (PM 5). When the NASTRAN program 
is actually installed at the user's location, the local usage conventions 
must be considered in order to determine the most advantageous means of mak­
ing NASTRAN accessible to the user. At certain installations, where NASTRAN 
is heavily used, it may be made available as a system resident program. Al­
ternatively, the program may be stored off-line, but in load module form so 
that it can be readily loaded into the system when required. It should be 
noted that NASTRAN is designed to dynamically allocate core so ,that at execu­
tion time, all the core memory that can be made available will be used. When­
ever practicable, the maximum core available should be used to achieve minimum 
run times. In any case, the minimum core requirements for NASTRAN are approx­
imately 42,000 words on the UNIVAC li08, 168,000 bytes on the IBM 360/370, 
and 138,0008 words on the CDC 6400/6600. These minimums may be adjusted for 
certain types of problems. In this event, the user should consult the local 
systems personnel to determine how to best solve the problem. 

Each of the following sections will summarize the rudiments of the system 
control cards required to operate NASTRAN on each of the three standard com­
puter systems. Examples are provided for many of the typical situations en­
countered, including usage of checkpoint tapes, user tapes, and plot tapes. 
Not all conditions can be covered in this Guide. However, sufficient examples 
are given to indicate what questions to ask of the resident systems personnel 
in the event more complex arrangements are desired: . 
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10.1 NASTRAN ON THE UNIVAC 1108 (EXEC 8) 

This section describes how the NASTRAN input deck (including control cards) 
must be set up.for operation on the UNIVAC hardware (PM 5.4). The overall 
organization of the deck is shown in the table below. Each item in the table 
is, described in Section 10.1.1 in the following text. Section 10.1.2 explains 
the procedure to catalogue NASTRAN. Many examples of common deck set-ups are 
presented in Section 10.1.3. . 

TABLE 10-2. ORGANIZATION OF THE INPUT DECK 

1 RUN card 

2 QUAL card 

3 Control cards for . tapes 

4 AS GCRDS card 

5 NASTRAN data deck 

6 CONTRL card 

7 FIN card 

Throughout this section the NASTRAN program is assumed to be catalogued on 
FASTRAND. 1 If NASTRAN is instead stored on tape, it will be necessary to 
catalogue it. Section 10.1.2 explains this procedure. 

Many control cards are exemplified in this section. In all cases, they 
begin with the symbol "@". This symbol (a 7/8 multi-punch) must be 
punched in column one of the control card. An alphanumeric string of char­
acters always immediately follows this' symbol, beginning in card column two. 

10.1.1 Descriptions of the Input Deck 

10.1.1.1 RUN Card 

The RUN card identifies the run and furnishes parameters necessary for 
scheduling and accounting purposes. It i~ installation-dependent; therefore, 
check with cognizant personnel at your installation for the proper usage. 

10.1.1.2 QUAL card 

The QUAL card is used to qualify for NASTRAN the file names which are refer­
enced downstream in the input deck. The format is: 

@QUAL qualifier 

Replace "qualifier" with the proper alphanumeric string in use at your instal­
lation. This string should be preceded by at least one blank space. 
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10.1.1.3 Control Cards for Tapes 

.No tapes are Tequired to run NASTRAN. However, if the user wishes to check­
point, restart, plot or have access to user tapes, etc., tapes are needed. 
The tape units which may be used have been assigned by the system utility 
routine NTAB$ (PM 5.4.2) as follows: 

F~RTRAN Unit No.(s) 

1-7 

B 

9 

10 

11 

12 

13 

14 

15-23 

24-39 

External Name 

Standard units assigned for operations 

'~PTP - Old Problem Tape used for restart 

NPTP - New Problem Tape used for checkpointing 

UMF - User Master File used for input 

NUMF - New User Master File used for output 

PLT1 - Plot tape for EAI or Benson Lehner Plots 

PLT2 - Plot tape for SC4020, Ca1comp, or DDBO Plots 

INPT - User tapes for input and/or output 

INPi (i = 1 - 9) - Available for user tapes (UG 9.4) 

24-39 - Available as UT1-UT5 user tapes (UG 9.4) 

These units will be dynamically assigned by NASTRAN for internal use unless 
they have been previously assigned by user-supplied assign cards. The user­
supplied tape control cards must reference the external name as shown in the 
following examples: 

@ASG,T PLT2,T,tapeno or @ASG,T 25,T,tapeno 

Note that "tapeno" must be replaced with the reel number of the tape to be 
used; ~nd one or more blank spaces must follow "@ASG,T". 

When executing on the UNIVAC 1108, the enterna1 names INPT and INPi can be 
assigned as user tapes (UG 9) and referenced via the companion DMAP utilities 
(UM 5.3.2) INPUTT1 and ~UTPUT1~ These same F~RTRAN unit numbers (14-23) plus 
units 24-39 may be referenced directly as user tapes (UG 9) via the companion 
DMAP utilities (UM 5.3.2) INPUTT2 and ~UTPUT2. The user must, however, take 
care that the F~RTRAN unit number referenced INPUTT1 and/or ~UTPUT1 not also 
be referenced by INPUTT2 and/or ~UTPUT2 in the same NASTRAN run. ---

10.1.1.4 ASGCRDS Card 

The ASGCRDS card adds control cards to the run ·stream from a NASTRAN program 
file. These cards cause the system heading to be turned off and then initiate 
execution. The format is: 

@ADD *ASGCRDS. 

One or more blank spaces must follow "@ADD". 
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10.1.1.5· The NASTRAN Data.Deck 

This is th.e standard NASTRAN data input cons.isting of the EXecutive Control 
Deck, the Case Control Deck, and the Bulk Data Deck. See Sections 4, 5, and 
6 of this guide for details. 

10.1.1.6 The C~NTRL Card 

The C~NTRL card adds about 1400 control cards to the run stream from'a NASTRAN 
program file. These cards are required during the execution of NASTRAN. The 
format is: 

@ADD *C~NTRL. 

One or more blank" spaces must follow "@ADD". 

10.1.·1. 7 The FIN Card 

The FIN card indicates the end of the input deck. The format is: 

@FIN 

10.1.2 Cataloguing the NASTRAN Program 

If NASTRAN is .stored on tape at your installation, it will be necessary to 
copy it. to FASTRAND before it can be executed. To perform this task, the 
following cards should replace the QUAL card (item 2) in the input deck: 

@DELETE,C 
@DELETE,C 
@DELETE,C 
@ASG,UPR 
@ASG,UPR 
@ASG,UPR 
@ASG,T 
@C~PY,G 
@C¢PY,F 
@M¢VE 
@C¢PY,F 
@FREE 

NASTRAN. 
ASGCRDS. 
C¢NTRL. 
NASTRAN,F//P¢S/20 
ASGCRDS,F///10 
C¢NTRL,F///10 
ABSTAP,T,tapeno* 
ABSTAP. ,NASTRAN. 
ABSTAP. ,ASGCRDS • 
ABSTAP. ,1 
ABSTAP.,C¢NTRL. 
ABSTAP. 

*Replace "tapeno" with the serial number of the tape. 

10.1. 3 Examples 

This s~ction presents a large number of examples which illustrate the deck 
of control cards needed to successfully execute NASTRAN for a variety of 
problems. These examples are annotated. However, because of the volume of 
the text, notations made for a given example are not repeated on subsequent 
examples. Therefore, if a card in some example is not understood, it will 
be necessary to refer to an earlier example where the card is annotated. 
The examples are organized as shown in Table 10-3. Table 10-4 identifies 
the key features of each example. 

10-4 



TABLE 10-3. ORGANIZATION OF THE EXAMPLES 

Example Description 

1-4 No~-restart runs 

5-8 Restart runs 

9-14 Runs using the User's Master File 

15-17 Runs performing data transmission to/from other programs 

TABLE 10-4. NASTRAN KEY FEATURES IN CONTROL CARD EXAMPLES 

Example Number 
Feature 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Restart X X X X 
, 

Checkpoint X X X X X X 

I. 

Plot X X X X X X 

User's Master File X X X X X X 

Data Transmission X X X 

User Tapes X X X 

NPTP • X X X X X X 
, 

NUMF X X 

¢PTP X X X X 

PLT1 

PLT2 X X X X X X 

UMF X X X X X 
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10.1. 3.1 

10.1. 3. 2 

Example 1 - Options = none 

1 @RUN 

2 @QUAL qualifier 

3 @ADD *ASGCRDS. 

4 (NASTRAN Data peck) 

5 @ADD *C0NTRL. 

6 @FIN 

Notes: 1. Installation-dependent RUN card. 

Example 

1 

2 

3 

4 

5 

6 

7 

2. Replace "qualifier" with th~ proper alphanumeric 
string in use at your installation. 

3. Add control cards to initiate execution. 

4. NASTRAN data deck. 

-5. Add control cards needed for NASTRAN execution. 

6. Terminates input. 

2 - Options = plot 

@RUN 

@QUAL qualifier 

@ASG,T PLT2,T,tapeno 

@ADD *ASGCRDS. 

(NASTRAN Data Deck) 

@ADD *C0NTRL. 

@FIN 

Notes: 3. This card defines the plot tape. Replace "tapeno" 
with the reel number of the tape. Either "PLT1" or 

• "PLT2" may be used depending on the type of plotter: 

Plotter Name Plot Tape 

Benson Lehner PLT1 

Ca1comp PLT2 

Data Display PLT2 

Electronic Associates, Inc. PLT1 

NASTRAN General Purpose Plotter PLT2 

Stromberg Carlson PLT2 
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\ 10.1. 3. 3 Example 3 - Options = checkpoint 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T NPTP,T,tapeno 

4 @ADD *ASGCRDS. 

5 (NASTRAN Data Deck) 

6 @ADD *C0NTRL. 

7 @FIN 

Notes: 3. This card defines the New Problem Tape (or checkpoint 
tape). Replace "tapeno" with the reel number of the 
tape. 

10.1. 3. 4 Example 4 - Options = checkpoint, plot 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T NPTP,T,tapeno 

4 @ASG,T PLT2,T,tapeno 

5 @ADD *ASGCRDS. 

6 (NASTRAN Data Deck) 

7 @ADD *C0NTRL. 

8 @FIN 

10.1. 3.5 Example 5 - Options = restart 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T ¢PTP,T,tapeno 

4 @ADD *ASGCRDS. 

5 (NASTRAN Data Deck) 

6 @ADD *C0NTRL. 

7 @FIN 

Notes: 3. This card defines the Old Problem Tape (or restart 
tape). Replace "tapeno" with the reel number of 
the tape. 
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10.1. 3.6. Example 6 Options ~ restart, plot / 1 @RUN 

2 @QUAL qualifier / 
3 @ASG,T 0PTP,T,tapeno 

4 @ASG,T PLT2, T , tapeno 

5 @ADD *ASGCRDS. 

6 (NASTRAN Data Deck) 

7 @ADD *C0NTRL. 

8 @FIN' 

10.1. 3. 7 Example 7 - Options = restart, checkpoint 

1 @RUN ,..: 

2 @QUAL qualifier 
i 

3 @ASG,T NPTP,T,tapeno 

4 @ASG,T 0PTP,T,tapeno 

5 @ADD *ASGCRDS. 

6 (NASTRAN Data Deck) 

7 @ADD *C0NTRL. 

8 @FIN 

10. L 3. 8 Example 8 - Options = restart, checkpoint, plot 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T NPTP, T, tapeno . . 
4 @ASG,T 0PTP,T,tapeno 

5 @ASG,T PLT2, T , tap.eno 

6 @ADD *ASGCRDS. 

7 (NASTRAN Data Deck) 

8 @ADD *C0NTRL. 

9 @FIN 
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10.1.3.~ - Example 9 - Options ,= create a UMF 

10.1.3.10 

10.1.3.11 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T NUMF,T,tapeno 

4 @ADD - *ASGCRDS. 

5 (NASTRAN Data Deck) 

6 @ADD *C0NTRL. 

7 @FIN 

Notes: ·3. This card identifies the tape for the New User's 
Master File. Replace "tapeno" with the serial 
number of the tape. 

Example 10 - Options = edit the l1MF 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T NUMF,T,tapeno 

4 @ASG,T UMF,T,tapeno 

5 @ADD *ASGCRDS. 

6 (NASTRAN Data Deck) 

7 @ADD *C¢NTRL. 

8 @FIN 

Notes: 4. This card identifies the tape for the User's Master 
File. Replace" tapeno" wi 17h the serial numb er of 
the tape. 

_ Example 11 - Options = UMF 

1 @RUN 

2 ,-@QUAL qualifier 

3 @ASG,T UMF, T, tapeno 

4 @ADD *ASGCRDS. 

5 (NASTRAN Data Deck) 

6 @ADD *C¢NTRL. 

7 @'FIN 
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10.1. 3.12 Example 12 - Options - UMF,- plot 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T PLT2, T, tapeno . 

4 @ASG,T UMF,T,tapeno 

5 t@ADD *ASGCRDS. 

6 (NASTRAN Data Deck) 

7 @ADD *C(6NTRL. 

8 @FIN 

10.1.3.13 Example 13 - Options = UMF, checkpoint 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T NPTP,T,tapeno 

4 @ASG,T UMF,T,tapeno 

5 @ADD *ASGCRDS. 

6 (NASTRAN Data Deck) 

7 @ADD *C¢NTRL. 

8 @FIN 

10.1.3.14 Example 14 - Options = UMF, checkpoint, plot 

1 @RUN 

2 @QUAL qualifier 

3 @ASG,T NPTP,T,tapeno 

4 .@ASG,T PLT2, T , tapeno 

5· @ASG,T UMF,T,tapeno 

6 @ADD *ASGCRDS. 

7 (NASTRAN Data Deck) 

8 @ADD *¢ONTRL. 

9 @FIN 
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10.1.3.15 Example 15- Options = user tape input 

1 

2 

3 

4 

@RUN 

@QUAL 

@ASG,T 

@ADD 

qualifier 

INPT,T,tapeno 

*ASGCRDS. 

5 (NASTRAN Data Deck) 

6 @ADD *C0NTRL. 

7 @FIN 

Notes: 3. This card identifies the user's input tape. Replace 
"tapeno" with the serial number of the tape. More 
than one user input tape may be used in a given job. 
Additional tape names are INPi, i=1,9. 

) 

10.1.3.16 Example 16 ~ Options = user tape output 

1 

2 

3 

4 

@RUN 

@QUAL 

@ASG,T 

@ADD 

qualifier 

I~PT,T,tapeno 

*ASGCRDS. 

5 (NASTRAN Data Deck) 

6 @ADD *C0NTRL. 

7 @FIN 

Notes: 3. This card identifies the user's output t pe. Replace 
"tapeno" with the serial numb~r of the tape. More 
than one user output tape may be used in a given job. 
Additional tape names are INPi, i=1,9. 

10.1.3.17 Example 17 - Options = user tape input and output 

@RUN 

@QUAL 

@ASG,T 

@ASG,T 

@ADD 

qualifier 

INP 3, T , tapeno 

INP 7, T , tapeno 

*ASGCRDS. 

1 

2 

3 

4 

5 

6 

7 

(NASTRAN Data Deck) 

@ADD *C0NTRL. 

8 @FIN 

Notes: 3,4. Either of these cards can be used for input or 
output, as desired by the user. 
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10.2 NASTRAN'ON THE· IBM SYSTEM 360/370 (~S) 

This 'section describes how the NASTRAN input deck (including control cards)' 
must be set up for operation on the IBM 360/370 hardware (PM 5.3). The over­
al~ organization of the deck is shown in the table below. Each item in the 
.table is described in Section 10.2.1 in the following text. Many .examples 
o'f common deck set-ups are presented in Section 10.2.2. 

TABLE 10-5. ORGANIZATION OF THE INPUT DECK 

1 J~B card 

2 NASTRAN instream procedure 

3 EXEC card 

4 Control cards for tapes 

5 NASTRAN data deck 

6 /* 

Man;/~~ampl~~~'~:~r c~~t'~'6'1' cards are ~h~Wn ,:in' this section. In all cases' 
they have two slashes (//) punched in columns 1 and 2. 

10.2.1 Descriptions of the Input Deck 

10.2.1.1 J~B Card 

The ';-ij~B ·~~tdridenf:i.H:es . the j ob:aIid furnishes parameters necessary' fot 
scheduling and accounting purposes. It is installation-dependent; there­
fore, check with cognizant personnel at your installation for the proper 
usage. 

10.2.1.2 NASTRAN Instream Procedure 

The NASTRAN instream procedure is a deck of about 100 control cards which 
are required to execute NASTRAN. These cards must be included in every run. 
However, some installations may have these cards permanently stored in the 
system (catalogued). In this case, the instream procedure deck may be left 
out of the input deck. 

A detailed description and listing of the NASTRAN instream procedure deck 
may, be found in Section 5.3.5 of the NASTRAN Programmer's Manual. 
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10.2.1.3 EXEC Card 

The,EXEC card actually'causes NASTRAN to execute. The format is: 

/ /oame ,EXEC NASTRAN " . , 

where "name" is an alphanumeric na~e of' up to 8 characters, the. first of 
which must be alphabetic. "Name" is optional. If used, it should begin in 
column 3. 

There must be at least one blank space preceding the word EXEC, and at least 
one blank space between ,EXEC and NASTRAN. 

Note: For some, unusual problems, it may be necessary to 
specify parameters on'this card. These parameters are 
described in Section 5.3.5 in the NASTRAN Programmer's 
Manual~ 

10.2.1.4 Control Cards for Tapes 

No types are required to run NASTRAN. However, if the user wishes to check­
point, restart, plot or have access 'to user tapes, etc., tapes and/or their 
disk file equivalences are required. The user should refer to PM 5.3.2 and 
5.3.5 as well as his local syst~ms personnel for additional detail concerning 
the procedures for assigning tapes for use,py NASTRAN. Those tapes which, 
are to be used must be declared by the user in his Job Control ~ang1,lage (JCL) 
as exemplified later in Section 10.2.2. The file names used by NASTRAN (PM 
5.35) are as follows: 

File Name Purpose 

INPi (i=T,1,2, ••• ,9) User tapes referenced by DMAP utility modules 
INPUTTI and 0UTPUTl (UG 9, UM 5.3.2) 

NPTP New Problem Tape for checkp~inting 

NUMFNew User Master File 

0PTP Old Problem Tape for restarting 

PLTI Plot tape for EAI or Benson Lehner plots 
(assigned F0RTRAN u~it number 13) 

PLT2 Plot tape for SC4020, Calcomp, or DD80 plots 
(assigned F0RTRAN unit number '14) 

UMF " User Master File 

Note that these file names are in alphabetical order as they appear in the 
standard NASTRAN PR0C deck. If this deck is catalogued· in the local system 
library', the user-provided control cards must be submitted in the same alpha­
betical order to successfully override the PR0C library specifications. If 
the user wishes to apply the DMAP utilities INPUTT2 and/or 0UTPUT2 (UG 9), 
he must specify a DD card to declare each of the appropriate F0RTRAN unit 
numbers referenced by these utilities (UM 5.3.2, DMAP parameter P2). For 

. \ 
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this purpose, he may use any unit number available except units 1·, 4, 5, 6, 
7, 13 and 14, which are reserved for ·use by NASTRAN. Examples 16 and 17 of 
Secti.on 10.2.2 illustrate the required JCL. 

Genera.11y, sequential data sets, except for plot tapes PLT1 and PLT2, may 
be located on user-assigned diskpacks instead of on tap~. If the user 
wishes to store his· checkpoint files ·pn disk, he must specify CHKPNT=DISK 
in the NASTRAN Executive Control Deck (UG 6). 

10.i.lo5 NA~TRAN Data Deck 

The NASTRAN data deck must be preceded by the following card: 

//NS.5YSIN DD '* 

. There must be at least one blank space on either side of "DD". The data 
deck must be followed by one delimiter card with "/*" punched in columns 
1 and 2: 

/* 
• 

10.2.2 Examples 

This section presents a large number of examples which illustrate the deck of 
control cards needed to successfully execute NASTRAN for a variety of prob­
lems. These examples are annotated. However, because of the volume of the 
text, notations made for a given example are not repeated on subsequent ex­
amples •. Therefore,.if a card in some example is not understood, it will be 
necessary to refer to an earlier example where the card is annotated.· The 

. examples are organized as shown in· Table 10-6. Table 10-7 identifies the 
key features of each example. 

10.2.2.1 Example 1 - No Options 

1 1/ (J~B Card) 

2 (Procedure Deck) 

3 //NS(;(/) EXEC NASTRAN 

4 //NS.SYSIN DD * 
5 (NASTRAN Data Deck) 

6 /* 

Notes: 1. Installation-dependent J~B card. 

2. NASTRAN procedure deck. (May be left out if 
the procedure is catalogued at your installa­
tion. See Section 10.2.1.2.) 

3. The EXEC card causes NASTRAN to execute • 
. ,." 
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, TABLE 10-6. OR(;~IZATION OF THE EXAMPLES 

.' 

Examp1~, Description . 
,. 

,. , . ' . .. 

1-4 ,. , ' 
Non.;..re'start runs 

,~-8" 
., 

Res,tar,t . runs . 
9-14·' Runs using the Userts 'Master File 

.. . ' 

+5-i7 ' . 
Runs performing data transmission to/from other programs , , , , 

, , 

. ' 

.'. 
TABLE 10-7. NASTRAN KEY FEATURES IN CONTROL CARD EXAMPLES 

. 
' Example Number 

. Feature 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17. 
.. 

Restart, X X X X 

Checkpoint X X X X X X 

Plot X X X X X X 

User's Master File X X X X X X 

Data Transmission X X, X 

INPi' (i=T,l, ••• ,9) X X 

NPTP X X X ,X X X 

NUMF X X 

~PTP X X X X 

PLT1 

PLT2 X X X X X X 

UMF X X X X X 

FTxxFOOl X X 
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4. Identifies the following cards as NASTRAN 
, input data. 

5. NASTRAN data deck. 

6. Ipdicates' end of NASTRAN data." 

10.2.2.2 Example 2 Options,= Plot 

1 II (J~B Card) 

2 (Procedure Deck) 

3 

4 

5 

/INSG~ 

IINS.PLT2 

, I I ' 

: EXEC ,NASTRAN 

DD DSN=PL~T360,UNIT=2400, 

V~L=SER=serno,DISP=(NEW,KEEP) . 

6 IINS.SYSIN DD * 
7 (NASTRAN Data.Deck) 

8 1* 

Notes: 4,5. These cards define the plot tape. Replace 
"serno" with the volume serial number of the' 
tape. Either "PLTl", or "PLT2" may be :tised" 
depending on the type of plotter: 

Plotter Name' Plot Tape 

Benson Lehner PLTI 

Calcomp , PLT2 

Data DisplayPLT2 

Electronic Associates" ,Inc. PLTI 

NASTRAN General Purpose Plotter PLT2 

Stromberg Carlson PLT2 

10.2.2.3 Example 3 ,- Options = Checkpoint 

I, 

2 

3 

4 

5 

6 

7 

ll(J~B Card) 

(Procedure Deck) 

IINSG~ 

IINS.NPTP 

II 

EXEC 'NASTRAN 

DD DSN=NPTP360,UNIT=2400-3, 

II 
!IINS.SYSIN DD 

V~L=SER=serno,DISP=(NEW,KEEP), 

LABEL= ( , NL) 

* 
8 (NASTRAN Data Deck) 

9 1* 
t. f' 
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Notes: ' ·4~S,6. These cards define the NewProbl.em .,Tap~ 

I, II 

(or checkpoint tape). Replace "serno" with 
the volume serial number of the tape. 

, '(J0B Card) ::: , . - .... . . ." '. ,:,., '.~ . 
2 (Procedure. Deck) .. , ... ,' , .' -, " ,~ 

:. ", .- -::"",;,>:~,,,"~,;,<::::--,,~~~.;+~~--<~- -/~~,~,'-/~S,~:j'~~i:~;/·;,,:(~P:~~:;~~AWf':~.i~~~~i;f;?f~~~~:~'~~·;}::~~:~.:'~~1~:~~";;':::~~.~f-:~:-· 
4 ' .I INS. NPTP DD'· DSN=NPTP 3~0 "UNIT=2400-:: 3, . ': : 
S ) I '. ' :: ,',~~t=SER~'ser~o',Dis~~(~"Iq!:tP), . ." 

6 /I " -:>.,1ABEL=(,~) .. ,·:':> .. ,:·:'~,:-,,::.:>' 
7 '//NS.PLT2 

/I 

f' _: • ,,_, 

DD , . DSN=PL0T36_0'".UN~T=:=?4qd;::.:, ~:_ 
;', •. " • t" .-: ' • 

8 

9 

... V0L=SER=serI,lO,,'DISl'~(NEW ,KBE~).· 
. '. ~ ". . ~ 

IINS.SYSIN DD * 
,10 (NASTRAN Data Deck) 

11· 1* 
'. 

10.2.2.S, 'Example S Options = Restart 

1 /I (J0B Card) 

2 (Procedure Deck) 

3 IINSGf/J EXEC NASTRAN 

4 IINS·.0PTP DD DSN=0PTP360,UNIT=2400-3, . 
S II V0L=SER=serno,DISP=0Ln 

6 IINS.SYSIN DD * 
7 (NASTRAN Data Deck) 

8 1* 

Notes: 4,S. These cards define the Old Problem Tape 
(or restart tape). Replace "serno" with 
the volume serial number of the tape. 

10.2.2.6 Example 6 - Options = Restart, Plot 

1 /I (J0B Car"d). 

2 (Procedure Deck) 

3 

4 

S 

IINSG0 

IINS.0PTP 

/I 

EXEC NASTRAN 

DD DSN=0PTP360,UNI~2400-3, 

V0L=SER=serno,DISP~0LD 
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6 

7 

8 

·9 

10' 

IINS.PLT2 
II 

DD DSN=PL¢T360,UNIT=2400, 

V¢L=SER=serno,DISP=(NEW,KEEP) 

I INS ."SYSIN. DD * 
.. (NAST~ Data Deck) . 

. /* 

10.2.2.7 Example 7 - 'Options = Restart, Checkpoint-· 
,. 

l' I/" (J¢B Card) 

2 (P~cedure Deck) 
... 1. 

3 IINSG(J EXEC NASTR4N 

4· IINS.NPTP DD DSN=NPTP360,UNtT=2400~3, 

5 II V¢L=SER=s~rno,DISP=(NEW,KEEP), 

6 II LABEL= ( , NL) . '. 

7· IINS.¢PTP DD DSN=¢PTP360,UN~T=2400-3, 

8 II V¢L=SER=serno ,DISP=¢LD . 

9 IINS.SYSIN DD * 
10 (NASTRAN Data.D~ck) 

11 I'll • 

10.2.2.8 Example 8 -Options = Restart, Checkpoint, plot 

1 II . (J0B Card) 

2 (Procedure Deck)' 

3 IINSOO EXEC NASTRAN 

4 .I INS.NPTP DD DSN=NPTP360,UNIT=2400-3, 

5 . I I V¢L=SER=serno,DISP=(NEW,KEEP), 

6 1/ LABEL= ( , NL) 

7 'IINS.¢PTP DD DSN=¢PTP360,UNIT=2400-3, 

8 II V¢L=SER=sernp,DISP=¢LD 

9 IINS.PLT2 DD DSN=PL¢T360,UNIT=2400, 

10 II V¢L=SER=serno,DISP=(NEW,KEEP) 

11 IINS.SYSIN DD * 
12 (NASTRAN Data Deck) 

13 I'll 
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.10.2.2.9 Example 9 - Options = Create a UMF 

,. 1 II (J0BCard) 

2 (Pro~edure Deck) 

3 IINSG0 EXEC NASTRAN ... 

·4 IINS.NUMF DD ~SN=NUMF360, UNIT=2400-3, . 
.. 

s II V0L=SeR=serno,DISP=(NEW,KEEP) 

6 //NS.SYSIN DD * 
7 (NAsTRAN Data Deck) . 

8 . i*· 

10.2.2.10 Examp1e:10 - Options = Edit theUMF 

1 II (J0B Card) 

2· (Procedure Deck) 

3 

4· 

S 

6 

7 • 8 

IINSG0 
/INS.NUMF 
II 
/INS.UMF 
II 
IINS.SYSIN 

EXEC 

DD 

DD 

DD 

NASTRAN 

DSN=NUMF369,UNIT=2400-3, 

.. V0L=SER=serno;DI SP=.(NIDv, KEEP) 

DSN=UMF)60,UNIT=2400-3, 

V0L=SER=serno~DISP=¢LD 

*. 

9 (NASTRAN~ata.Deck) 

10 1* 

Notes: 6,7. These cards identify the User's Master File 
which is to be edited. Replace ,"serna" with 
the volume s·eria1 number of the tape. 

10.2.2.11 Example 11 - Options = UMF 

1 II . (J0B Card) 

2 (Procedure Deck) 

3 IINSG0 EXEC NASTRAN 

4 . IINS.UMF DD DSN=UMF360,UNIT=2400-3, 

S /I V¢L=SER=serno,DISP=0LD 

6 /INS. SYSIN DD * 
7 (NASTRAN Data Deck) 

8 1* 
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10.2.2.12 Example 12 - Options ~ UMF, Plot 

1 I 1-" (J0B Card) 

2 ' (PrQcedtire De:ck) 

3 

4 

5 

- 6'" 

7 

8 

.. _-. -

IINSG0 EXeC 

IINS.PLT2 DD 

II 
--j INS,. UMF DD 

II 
IINS.SYSIN DD 

'9 (NASTRAN Data Deck) 

10 1* 

NASTRAN 

DSN=PL0T360,UNIT=2400, 

V0L~SER=serno ,DISP= (NEW ,KEEP) , 
i 

DSN=UMF360,UNIT~2400-3, 

V0L=SER=serno,DISP=0LD 

* 

10.2.2.13 Example 13 - Options ~ UMF, Checkpoint 

1 II- ," (J0B Card) 

2 (Procedure Deck) 

3 IINSG0 EXEC NASTRAN 

4 IINs.NPTP DD DSN=NPTP360,UNIT=2400-3, 

5 II V0L=SER=serno,DISP~(NEW,KEEP), 

6 II LABEL= (,NL) 

7 IINS.UMF DD DSN=UMF360,UNIT=2400-3, 

8 II V0L~SER~serno,DISP=0LD 

9 IINS.SYSIN DD * 
10 ,(NASTRAN Data Deck) 

11 1* 

10.2.2.14 Example 14' - Options = UMF, Checkpoint on Disk, Plot 

1 II -(J0B Card) 

2 (Procedure Deck) " 

3 IINSG0 EXEC NASTRAN 

4 IINS.NPTP DD DSN=NPTP360,UNIT=2314, 

5 II V0L=SER=serno ,DISP= (NEW, KEEP) , 

'6 II SPACE=($SUNITS, ($Sl,$S2),RLSE) 

7 IINS.PLT2 DD ' DSN=PL0T360,UNIT=2400, 

8 II V0L=SER=serno ,DISP= (NEW, KEEP) 
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9 

10 

IINS.UMF 
II 

DD DSN=UMF360,UNIT~2400-3, 

V0L=SER=serno,DISP=0LD 

11 IINS.SYSIN DD * 
12 (NASTRAN Data Deck) 

13 1* 

_ -Notes: 4-6. Defines a new disk to be used for checkpointing 
and hence requires specification of space param­
eters. Toe parameters used are those specified­
in PR0C deck. -They may require- changes, depend­
ing on the size of the problem to be solved. 
When- this disk is then used- for a subsequent re­
start, the DISP parameter must be changed to 0LD. 

10.2.2.15 Example 15 Options = User Tape Input 

1 II (J0B C-ard) 

2 (Procedure Deck) 

3 IINSG0 EXEC NASTRAN 

4 IINS.INPT DD DSN=INPT360,UNIT=2400-3, 

5 II V0L=SER=serno,DISP=0LD 
6, - IINS.SYSIN DD * 
7 (NASTRAN Data Deck) 

8 1* 

Notes: ~,5. These cards identify the user's input tape 
referenced by the DMAP utility INPUTT1 (or 
0UTPUT1) (UM 5.3.2, P2=0). Replace "serno" 
with the volume serial number of the tape. 
Mpre than one user-input tape may be used in 
a given job~ Additional tape names are INPi, 
i=1,9. The tapes must be ordered as shown in 
Section 10.3.1.4. 

10.2.2.16 Exam~le -16 - Options = User Tape Output 

1 II (J0B Card) 

2 (Procedure Deck) 

3 IINSG0 EXEC NASTRAN 

4 IINS.FT15F001 DD DSN=USER360,UNIT=2400-3, 

5 II V0L=SER=~erno,DISP=(NEW,KEEP), 

6 . /I LABEL= (,NL) ,DCB= (RECFM=VS, 

7 II LRECL=X,BLKSIZE=8190) 
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8 IINS.SYSIN DD * 
9 (NASTRANData Deck) 

10 ,1* 

Notes: 4-7. 

o 

These cards identify the user's output tape, in 
this case on F0RTRAN Unit 15. Replace "serno" 

, with the, volume serial number o~ the tape. 
This file, can be referenced by the 0uTPUT2 (or 
INPUTT2) utili~y,DMAP module (UM 5.3.2, P2=15). , 

10.2.2.17 Example 17 - Options = User Tape Input and Output 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

" 

II (J0B Card) 

(Procedure Deck) 

,IINSG0 fnC 

IINS.INP6 DD' 

II 
IINS.FT19FOO1 DD 

II 
I I. 
II 
IINS.SYSIN DD 

(NASTRAN Data Deck) 

1* 

NASTRAN 

DSN=INP6360,UNIT=2400-3, 

V0L=SER=serno,DISP=(OLD,KEEP) 

DSN=USER360,UNIT=2400-3, 

V0L=SER=serno,DISP=(NEW,KEEP) , 

LABEL=(,NL) ,DCB= (RECFM=VS , 

LRECL=X,BLKSIZE=8l90) . 

* 

Notes: 4-5. Specifies user tape to be referenced by DMAP 
utilities INPUTT1 andlor 0UTPUTl (UM 5.3.2, 
P2=6). • . 

6-9. Specifies us~r tape to be referenced by DMAP 
u'tilities INPUTT2 andlor 0UTPUT2 (UM 5.3.2, 
P2=19). 
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10.3 NASTRAN ON THE CONTROL DATA 6400/6600 (SC~PE 3) 

This section describes how the NASTRAN input deck (including control cards) 
must be set up. The overall organization of the deck is shown in the table 
below: 

TABLE 10-8. ORGANIZATION OF THE INPUT DECr 

1 Job description cards 

2 Control cards to load NASTRAN 

3 Tape set-up cards 

4 . NASTRAN execution command 

5 NASTRAN data deck 

6 E~R/E~F 

Each item in the table is described in Section 10.3.1 in the following text. 
Many examples of common deck set-ups are presented in Section 10.3.2. -
Throughout this section, the NASTRAN program is assumed to be loaded/on a 
random access file. If ~ASTRAN is instead stored on tape, it will be neces­
sary to read it in •. There is, however, considerable variation among CDC 
installations. 

10.3.1 Descriptions of the Input Deck 

10.3.1.1 Job Description 

These cards vary according to installation and whether or not a terminal is 
being used. The contents are exactly the same as any other program running 
on the system. A key card is the J~B card. It contains limits on core size, 
CPU time, I~ time, tapes, and priorities. NASTRAN requires a minimum of 
approximately 1380008 words of core. 

10.3.1.2 Setting Up NASTRAN File 

The NASTRAN executable file may be stored on tape, on the system permanent 
file, on the system C~MM~N file, or on private disc packs. These options 
vary considerably from site to site. 

If NASTRAN exists on a C~MM~N file, the C~MM~N(NASTRAN) card is used. If 
NASTRAN exists on the system permanent files, the ATTACH card is used. If 
NASTRAN is stored on tape, the tape should be read onto a random access de­
vice. Various methods are used, to accomplish the latter, depending on· the 
operating system and hardware configuration. Consult the system programmer 
or NASTRAN representative for assistance in this case. 
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10.3.1;~ Control Cards for Tapes 

.No tapes are required to run NASTRAN. However, if the user wishes to check­
point, restart, plot or have access to user tapes, etc., tapes. are required . 
. The user should .·refer· to PM 5.5.2 and 5.5.4 as well as his local' systems 
personnel for additi~na1 detail concerning the procedures for assigning tapes 
for use by NASTRAN. The tapes which are available to the· user are as f~llows.: 

File Name . Purpose 

INPi (i=T,1,2, .•• ,9) User tapes referenced by DMAP.uti1ity modules 
INPUTr1 and 0UTPUT1. (UG 9, UM 5.3.2) 

. \ 

UTi (i=.1, ••• ,5) User tapes. referenced by DMAP utility modules 
INPUTT2 and OUTPUT2 (UG 9, UM 5.3.2) 

NPTP New Problem Tape for checkpoipting 

0PTP Old Problem Tape for restarting 

NUMF New User Master File 

UMF User Master File 

PLT1 Plot tape for EAI or Benson Lehner plots 

PLT2 Plot tape for SC4020, Ca1comp, or bD80 plots 

The user must reference these file names in his job control deck if they are 
to be used on a NASTRAN run. The user tapes· INPi and UTi are accessed via 

. the DMAP parameter P2 (UM 5.3.2) corresponding to the specified file name. 
Example 6 of Sectiop 10.3 .• 2 illustrates the control cards for accessing user 
tapes. Typical formats of the tap~ contro1.cards are: 

REQUEST,0PTP,HI.4363,R0L 
REQUEST, PLT2, HI. (SAVE, RING ~NL) 

These requests also vary with the local operating system. 

10.3.1.4 NASTRAN.ATTACH Card 

This card transfers control to the NASTRAN linkage editor which, in turn, . 
sets up the execution. 

10.3.1.5 The NASTRAN Data Deck 

.This is the standard NASTRAN data input consisting of the Executive Control 
Deck, the Case Control Deck, and the Bulk Data Deck. See Chapters 4, 5, and 
6 of this guide for details. 
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10.3.1. 6 

If one NASTRAN job is to be executed, an E~F card is sufficient to define 
the end of data. If two or more NASTRAN problems are to be executed, the 
NASTRAN.ATTACH card is repeated, and the data decks are separated by E~R 
cards. 

10.3.2 Examples 

The following examples illu~trate the control statements necessary to exe­
cute the NASTRAN program once the generation procedure is complete. Where 

. explanation is needed; notes are prr---!_ded with reference to the card number 
in question. Table 10-9 identifies che ke! features of each example. 

TABLE 10-9. KEY FEATURES OF EXAMPLES . . 

Example Number • 
Feature 

1 2 3 4 5 -6 

Restart X X 

Checkpoint X X X 

Plot X X 

User's Master FiJ.e X X 

Data Transmission X 

10.3.2.1 Example 1 - ~ptions = Execute from; Tape, Read Data_ from uHF 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

J~B. 

MAP(~FF) 

REQUEST NSTRN,HI. reel#,R~L 

REQUEST UMF,HI. reel#,R~L 

NSTRN.CREATE(NASTRAN) 

RETURN (NSTRN) 

RETURN(UMF) . 

78 
9 

(NASTRAN Data Deck) 

6
7 89 
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Notes:. 1. The installation-dependent J0B card should specify 
.sufficient resources to r':ln the. job. 

5. In addition to executing the NASTRAN program, this 
control statement will cause the NASTRAN file to 
be·declared a common file. 

10.3.2.2 Example 2 - Options = Run from C0MM0N File, Checkpoint 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Note: 

J0B •. 

MAP (0FF) 

REQUEST NPTP ,HI. SAVTP,RIL 

REQUEST PLT2,HI. SAVTP,RIL 

C0MM0N(NASTRAN) 

NASTRAN.ATTACH 

RETURN (NPTP) 

RETURN (PLT2 ) 

78 
9 

(NASTRAN Data Deck) 

67 . 
8

9 

5.. This control statement attaches the common file 
to the job. If NASTRAN is executed as a common 
file, running time will be approximately 5-8 
minutes faster in elapsed time and 20 seconds 
faster in CPU time. 

10.3.2.3 Example 3 - Options = Run from C0MM0N Fi1e,.Read Data from 
UMF and' Checkpoint 

1· J0B. 

2 MAP (0FF) 

3 REQUEST UMF,HI. ree1#,R0L 

4 REQUEST NPTP ,HI. SAVTP,RIL 

5 C0MM0N(NASTRAN) 

.6 NASTRAN.ATTACH 

7 RETURN (UMF) 

8 RETURN (NPTP) 

9 
7 ' 

8
9

, 

10-26 



10 

11 

(NASTRAN Data Deck) 

67 89 

10.3.2.4 Example 4 .- 'Options = ~un from Tape, Restart from Old Problem Tape 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

J0B. 

MAP (0FF) 

REQUEST 0PTP, HI. reel/! , R0L . 

REQUEST NASTRAN,HI. reel/!,R0L 

NASTRAN.CATAL0G(NASTDA) 

. RETURN (NASTRAN) 

NASTDA.ATTACH 

RETURN (0PTP) 

NASTDA.ATTACH 

78 
9 

(NASTRAN Data Deck, including RESTART packet in the 
Executive Control Deck) 

78 
9 

(2nd· NASTRAN D~ta Deck) 

67 89 

Notes: 5. This control statement copies the sequential 
file NASTRAN to the direct access file NASTDA 
which can then be executed repeatedly. 

7. This card attaches NASTRAN for execution with 
first data deck. 

9. This card attaches NASTRAN for execution with 
second data deck. 

10.3.2.5 . Example 5 - Options = Execute from Tape, Checkpoint, Restart, Plot 

1 J0B. 

2 MAP (0FF) 

3 REQUEST NASTRAN, HI. reelll,R0L 

4 REQUEST NPTP, HI. SAVTP,RIL 

5 REQUEST 0PTP,HI. reelll,R0L 
• 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

REQUEST PLT2,HI. SAVTP,RIL 

NASTRAN (, , X) 

RETURN (NASTRAN) 

RETURN (NPTP) 

RETURN (0PTP) 

RETURN (PLT2) 

78 
9 

(NASTRAN Data Deck, including RESTART packet in the 
Executive Control Deck) 

Note: 7. Any of the NASTRAN program files (INPUT, 0UTPUT, 
PUNCH) may be substituted for X, i.e., X replaces 
PUNCH in this example. 

10.3.2.6 Example 6 - Options = Execute from Tape, User Tapes 

1 J¢B •. 

2 MAP··(0FF) 

3 REQUEST NASTRAN,HI. reel#,R0L 

4 REQUEST INP2,HI •. reel#,R0L 

5 REQUEST UT5,HI. SAVTP,RIL 

6 NASTRAN (, , X) 

7 RETURN (NAS TRAN) 

8 RETURN (INP2) 

9 RETURN (UT5) 

10 -7 
8

9 

11 (NASTRAN Data Deck) 

12 78 
9 

Notes: 4. Requests user tape for read only by DMAP utility 
INPUTTI (UM 5.3.2, P2=2) 

• 

5. Requests user tape for read or write by DMAP 
utility INPUTT2 or 0UTPUT2 (UM 5.3.2, P2=lS) • 
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11. USER OP'rION INDEX 

This chapter is devoted to the sole purpose of providing the userwith.a 
reference to the NASTRAN input options.used in the many examples provided. 
in this Guide. These options are' listed alphabetically in· three tables 
as follows: 

.: Table 11-1: Executive Control Options and· DMAP 

Table 11-2: Case Control Options and Plot Commands . 
Table 11-3: Bulk Data Deck Options 

The headings for each table point to the section and page number of the 
.example illustrating the use of each inp\lt option referenced: Though all 
the available options are not included, examples of every tyPe of option 
can be found in this Guide. The first. table contains all the Executive 
Control options as summarized in Table 6-1 and several of the more common~y 
used utility DMAP instructions discussed in Chapters 8 and 9. The second 
table contains nearly all the Case Control options presented in Table 5-1 
as well as references to the major plot control commands. The.third table 
contains references to over half of the more than 180 available Bulk Data 
Deck options that are summarized in Table 4-1. The options that are'exem­
plified in this Guide have been carefully selected so that each of the 
Bulk Data input categories of Table 4-1 is represented. 

If the user is interested in locating ad~itional examples, an index to the 
input cards for the NASTRAN Demonstration Problem Manual can be found on 
pages 502 to 512 of the Second Colloquium Proceedings on NASTRAN: USER'S' 
EXPERIENCE (NASA TM X-2637) held at Langley Research C~nterSeptember 
11 - 12, 1973 .. 

11-1 



TABLE .11-1. EXECUTIVE CONTROL OPTIONS AND DMAP 

~ N ...:t 0 ...:t 0\ ("f') \D 0 N 0\ ("f') r-! \0 0 11') " 0 ...:t 11') " 0\ 0 
11') \0 \D " C"') \D 0'\ r-t r-t N N N ("f') C"') ...:t ...:t ...:t 11') \0 \0 " " " co co co co co 0'\ 

'til I I 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 .1 1 1 1 1 1 1 1 I 1 I Executive p., \0 \0 \D \D " " " " " " " " " " ...... ...... ...... " " 
...,. 

" " " " " " " " r--
Control s:: N C""l 11') " N ...:t \0 N N ...:t N ...:t \0 co N N N N ('I") ...:t r-t r-! N r-t r-! 

Deck 
0 · · · · · · · · · · · · · · · · ~ · · · · · · · · .,..j r-! N ('I") ...:t r-! r-! r-! r-! N N N C"') ...:t ...:t 11') 11') 11') 11') r-! N ...:t ...:t ~ r-t N N ('I") ...:t 
~ . . . . · · · · · · · · · · · · · · · · . · · · · · · · · Options tJ...:t ...:t ...:t ...:t r-t r-! r-! r-t r-t ~ r-t r-t r-t r-! r-i r-i r-i r-t N N N N N N ('I") ('I") ('I") ('I") ('I") 
Q) . . . . · · · · · · · · · · · · · · · · . · · · · · · · · en \0 \D \0 \D " " " " " " " " " " ...... " " " " " " " " " " " " " " 

ALTER X X X . X X X X X X X 
APP X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
BEGIN$ X 
CEND X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
CHKPNT X X X X X X 
DIAG X X 
END $ X 
ENDALTER X X X X X X X X X X 
ID X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
NASTRAN X X 
RESTART X X X X 
S~L X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
TIME X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 
UMF X X X X X X X X X X X X X 

DMAP: 

ADD X X X 
C0ND X 
EQUIV X X X 
EXIT X X 
INPUTTI X X 
INPUTT2 X 
JUMP X 
MATGPR X X 
MATPRN X X X 
MERGE X X 
MTRXIN X 
~UTPUTI X X 
0UTPUT2 X 

'PARAM .. X X 
PARTN X 
SAVE X 
SETVAL X 
TABPT X X 
VEC X 
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.TABLE 11-2. ·CASE CONTROL OPTIONS-AND PLOT COMMANDS 

~ 0 r-I r-I N C"') N ...;t 0 ...;t 0\ C"') \0 0 N 0'1 C"') r-I \0 0 11'\ ...... 0 ...;t 11'\ ...... 0\ 0 ...... 0'1 r-I r-I r-I r-f r-I C"') \0 0'1 r-I r-I N N N C"') C"') ...;t ...;t ...;t 11'\ \Q _..0 ...... ...... ...... 00 00 00 00 00 0'1 
C\I I I I I I I I I I I I I I rt I I I I I I I I I I I I I I I I I I 

Case p., 11'\ 11'\ 11'\ LI'I 11'\ LI'I 11'\ ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 

., 
Control ~ N C"') 11'\ ...... N ...;t \0 N N ...;t N ...;t \0 00 N N N N C"') ...;t r-I r-I N r-I r-I 

0 · .. · . · · . . · '. · · . · · . . . · . · . . · · Deck orl r-I N C"') ...;t LI'I \0 ...... r-I r-I r-I r-I N N N C"') ...;t ...;t 11'\ LI'I 11'\ 11'\ r-I N C"') ...;t ...;t ...;t ..... N N M ...;t 
.j.J 

~ 
. . . . . . · . · . · · . · . · · · · · . · · · Options 0 ...;t ...;t ...;t ...;t ...;t ...;t r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I N N N N N N C"') M C"') M C"') 

Q) . . . . . . · . · · · . · . · · . · · . · · . . · · Ul 11'\ 11'\ 11'\ 11'\ 11'\ LI'I 11'\ ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... r:-- ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... ...... 

ACCELERATION X X 
AXISYMMETRIC X X· 
B2PP X X 
CMETH0D X X X 
DEF~RM X 
DISPLACEMENT X X X X X X X X X X X X X X X X X X X X X X X X X X 
DL0AD X X X X X 
DSC~EFFICIENT X 
ECH~ X 
ELF~RCE X X X X X X X X X 
ELSTRESS X X X · 
F0RCE X X 
FREQUENCY X X X 
HARM0NICS X X 
IC X X 
K2PP X 
LABEL X X X X X X X X X X X 
LINE X 
L0AD X X X X X X X X X X X X X 
M2PP X 
MAXLINES X 
METH0D X X X X X ·X ~. X X 
M~DES X 
MPC X : X 
0FREQUENCY X X 
0L0AD X X X X X X X X X 
0UTPUT X X X X X X X X X X X XX X X X X X X X X X X 
PLC~EFFICIENT X 
PL1TID X X X X X X X X X 
PRESSURE X 
RAND0M X X 
REP CASE X 
SDAMPING X X 
SET X X X X X X X X X X X X X X X X X X X 
SPC X X X X X X X X X X X X X X X X X X X 
SPCF0RCES X X X X X X X X X X 
STRESS X X X X X X X X 
SUBCASE X X X X X X X X X X X 
SUBC0M X 
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TABLE 11-2. CASE CONTROL OPTIONS AND PLOT COMMANDS (cont'd) 

~ 0 r-! r-! N C"") N ...;t 0 ...;t 0\ C"") \0 0 N 0\ C"") r-! \0 0 \I) ,... 0 ...;t \I) ,... 0\ 0 ,... 0\ r-! r-! r-! r-! r-! C"") \0 0\ .-:t r-! N N N C"") C"") ...;t ...;t ...;t \I) \0 \0 ,... ,... ,... 00 00' 00 00 00 0\ Case C1I I I I I I I J., I I I I I I I I I I I I I I I I I I I I I I I I I 

Control 
p., \I) \I) \I) \I) \I) \I) ,... ,... ,... ,... ,... ,... 

" 
,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... 

s::: N C"") \I) ,... N ...;t \0 N N ...;t N ...;t \0 00 N N N N C"") ...;t r-! r-! N r-! r-! Deck 0 · · · · · · · · · · · · · · · · · · · . · · · · · .... r-! N C"") ...;t \I) \0 ,... r-! r-! r-! r-! N N N C"") ...;t ...;t \I) \I) \I) \I) r-! N C"") ...;t ...;t ...;t r-! N N C"") ...;t 
Options ~ . . . . . . . · · · · · · · · · · · · · · · · · · · . · · · · · C)...;t ...;t ...;t ...;t ...;t ...;t ...;t r-! r-! r-! r-! r-! r-! M r-! r-! r-! r-! r-! r-! r-! N N N N N N C"") C"") C"") C"") C"") 

Q) . . . . . . . . · · · · · · · · · · · · · · · · · · · .' · · · · · en \I) \I)" \I) \I) \I) \I) \I) ,... ,... ,... ,... ,... ,... ...... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ,... ~ ,... ,... 
SUBSEQ X 
SUBTITLE X XX X X X XX X X X X X XX X 'X X X X X X X 
SVECT0R X , 

" SVEL0CITY X 
SYM X 
SYMC0M X' .. 
SYMSEQ X 
TEMPERATURE X X 

·TFL X .. 

TITLE X X X X X X X X X X X X X X X X XX X X X X X X X X X X X X X 
TSTEP X X X 
VEL0CITY X 

Plot Control 

0RTH0GRAPHIC X X 
PERSPECTIVE X X 
PL0T X X X X X X X 
STERE0 X 
SYMMETRY X 
XYPL0T .. X X X 
XYPRINT X 
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TABLE 11-3. BULK DATA DECK OPTIONS 

Bulk' 
Data 
Deck 
Options 

AXIC 
AXIF 
AXSL0T. 
BAR0R 
BDYLIST 
CAXIFi 
CBAR 
'CC0NEAX 
CDAMP3 
CELAS3 
CELAS4 
CFLUIDi 
CHBDY 

. CHEXAi. 
CMASS3 
CMASS4 
C0NM2 
C0NR0D 
C0RDIC 
C9RD2C 
C0RD2S ' 
CQUADI 
CQUAD2 
CR0D 
CSL0Ti 
CTRIAl 
CTRIA2 
CWEDGE 
DAREA 
DELAY 

DMI 
DMIG 
DPHASE 
DSFACT 
EIGB 
EIGC 
EIGP 
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III 1 1 1 ·1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
~~~~~~~~~~~~~~~~~~~~~ 

~N~~N~~NN~N~~OONNN~MMM o • • • • • • • • • • • • . • •. ••• 
~MMMNNN~~~~~~~MN~~MN~ 
~ . . . . . . . . . . . . . . .. ... 
~~~~M~~M~~~~M~~~NNM~~ 
~~~~~~~~~~~~~~~~~~~~~ 

x 
x 

x 
xx X X 

X 
X 

X X X X X 
X 

X 
X X 

X 
X 

X 
X 

X 
x 
x X X 

XXX 

X X X 
X 

X X 
X 

X 

X 
X 

X 
XXXX 

• X X 

X 
X 

X X 
X 

X 
X 

X 'X X 
X 
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TABLE 11-3. BULK DATA DECK OPTIONS (cont'd) 

~ C'I ...r- 0 ...r- 0\ C""l \0 0 C'I 0\ C""l r-i \0 0 ..... ...r- Ln 0 
C""l 0\ r-i r-i C'I C'I C'I C""l C""l ...r- .q .q Ln \0 \0 ..... ..... IX) IX) 0\ 

Bulk 
til I I I I I I. I I I I I I I I I I I I I I 

Il< ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 
Data· S::C'I Ln ..... C'I ...r- \0 N N ...r- N .q \0 IX) N N N C""l r-i r-i r-i 

0 · · · · · · '. · · · · . · , . · · · · · Deck .~ r-i r-i r-i N N N C""l ...r- ...r- Ln Ln Ln Ln r-i N C""l ...r- r-i N ...r-
~ · · . · · · · . · · · · .. · . · · · · · Options Ur-i r-i r-i r-i r-i r-i r-i r-i rl r-i r-i rl rl N N C'I N C""\ C""l C""\ 
QJ · · . · · · · . · · · · . · . · · · · · en ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 

EIGR X X X X X X 
EPOINT X X 
FLSYM X 
F0RCE. X X X 
WRCEI X 
FREQ' X 
FREQI X 
FSLIST X 
GENEL X 
GRDSET X X X X X XX X X 
GRID X XX X X X XX X X X X XX 
GRIDB X 
GRIDF X 
GRIDS X 
L0AD X X X 
MATI XX X X X X X XX X X X X X X 
MAT4 X 
MATS I X 
M0MAX X' 

Mfl1ENT X 
MPC '. X 
MPCADD X , 

~MITI X X 
PARAM X X X X X XX X XX 
PBAR X X X X X 
PC0NEAX X 
PELAS X 
PLFACT X 
PL0AD2 X 
PL~TEL X X 
PMASS X 
,P~INTAX X 
PQUADI X X 
PQUAD2 X 
PR0D X 
PTRIA! X 
PTRIA2 X 
QHBDY X 
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TABLE 11-3. BULK DATA DECK OPTIONS (~ont'd) 

~ N -:t 0 -:t 0'1 C"") \0 0 N 0'1 C"") r-I \0 0 ....... -:t lrI ~. en 0'1 r:-t r-I N N N C"") C"") -:t -:t -:t lrI \0 \0 ....... ....... 00 00 

Bulk 
CIS 1 1 1 "I 1 I:' 1 1 .1 ~ 'I 1 1 1 1 1 1 1 1 1 
p.. ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ........ ....... ....... ....... ....... ....... ....... ....... 

Data r::N lrI ....... N -:t \0 N N -:t N -:t \0 00 N N N C"") r-I r-I r-I 
0 · · · · · · · · · · · · · . · · . · · Deck • .-l r-I r-I r-I N N N C""I -:t -:t lrI lrI lrI lrI r-I N C"") -:t r-I N -:t 

.. ... · · • · · · · · · · · · · · · . · · Options Or-l r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I r-I N N N N C"") C"") C""l 
Ql · · · · · · · · · · · · · . · · . . · · en ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... ....... 

," 

RANDPS X 
RANDTl X 
RF0RCE X 
RINGAX X 
RINGFL X 
RL~ADl X X 
RL ~AD2 X 
SEQGP X X 
SLBDY X 
SL~AD X 
SPC X X X X X X X 
SPCl X X X X X X X 
SPCADD X 
SP0INT X. X 
SUP~RT X X X 
TABDMP1 X X 
TABLEDl X X X 
TABLES1 .. X 
TABRNDl X 
TEMPD X 
TF X 
TIC X 
TL~ADl X 
TL~AD2 X 
TSTEP X X 
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12. NASTRAN INFORMATION SOURCES 

12.1 NASTRAN NEWSLETTER 

The NASTRAN Systems Management Off~ce. (NSMO) periodically publishes the 
NASTRAN Newsletter to provide NASTRAN users with timely information on the 

.development of new capability, Software Problem Reports (SPR) , Documentation 
Error Reports (DER) and user's experiences. This Newsletter may be sub­
scribed to by writing: 

NASTRAN Systems Management Office 
Mail Stop 253B . 
NASA - Langley Research Center 
Hampton, Virginia 23365 

The application form to be used is provided at the conclusion of this chap­
ter. The information provided on this form is used by NSMO to help them 
provide better service to all NASTRAN users. 

12.2 SOFTWARE PROBLEM REPORT (SPR) LOG 

Another serVice called the·Software Problem Report (SPR) Log is also pro­
vided by NSMO.as part of their NASTRAN maintenance service. This Log is 
available to all interested users by writing to COSMIC. The address and 
phone number are: 

COSMIC 
Barrow Hall 
University of Georgia 
Athens, Georgia 30601 

Telephone: (404)'542-3265 

The SPR Log is essentially a working document whose primary value lies in 
its currency. For this reason, it is continuously updated and published 
at frequent intervals. The user is encouraged to submit SPRs to NSMO as a 
service to all·other users of NASTRAN. The recommended procedures for doing 
so are presented in Section 12.4. 

12.3 NASTRAN USER'S COLLOQUIUM 

More formal reports on application and development of NASTRAN have been 
published by NASA following each NASTRAN User's Colloquium held at the 
Langley Research .Center. Three sets of the Colloquium proceedings are now 
available, entitled: 
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1. 

'2. 

3. 

These proceedings 

"NASTRAN: USER'S'EXPERIENCES" 

NASA TM X-2378, September 13 - is', 1971 

NASA TM X-2637, September 11 12·, 1972 
NASA TM X-2893, September 11 - 12, 1913 

may be obtained at modest cost from: 

National Technical Information Service 
Springfield, Virginia 22151 

12.4 SPR SUBMITTAL 

It is a goal of NASTRANthat every run terminate with either correct results 
or a user-oriented message describing the difficulties encountered. Pro­
gress towards ,this goal is made by means of user-submitted materials des­
cribing Software, Problems. At the end of this chapter is a sample copy of 
the standard SPR submittal form. It is requested that all new SPRs b.e ' 
submitted using th:i,s new form arid that all old forms be destroyed. 

The following guidelines are recommended so that each Software Problem 
. Report (SPR) can be efficiently handled. 

1. If you suspect an error, first try to determine if the error is 
already known. An SPR log is available through COSMIC which lists 
known errors (UG 12.2). This log is indexed by module and often 
contains a suggested user avoidance procedure. Please do not.sub­
mit runs covered by a previous SPR to NSMO unless you feel that 
the additional information will prove useful. In this case, please' 
identify the SPR. 

2. If the malfunction involves a qpmputer-dependent termination, such, 
system abends on the IBM 360, or error modes on the CDC computers, 
consult fi·rst with your own programming/operat;l.ons staff for pos­
sible job set-up or machine errors. 

3. Having decided that the problem is caused by an unknown malfunc­
tion in NASTRAN and if you have programmers available, attempt to 
determine the cause by conSUlting them and the listings. The best 
error submittal is one which contains a run which exemplifies a 
stated error and contains a suggested program correction along with 
the statement, ''We tried this fix 'and it worked," or even "We tried 
this and it didn't work." 

4. Having exhausted your own resources, consider sending the run to 
NSMO for further investigation. 'If you consider. this .approach,-:be 
sure that the run has as much diagnostic data as possible. In 
particular, be sure that DIAG's 1, 2~ 3, 8, 13, 15, 16 (for Inverse 
Power problems) and 19 were on and that a dump was taken. Be sure 
to include an echo of all the input data and the Run Log (the day 
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file (CDC), Log (UNIVAC), or ~04 (IBM». If this data is not 
available, p1ea~e rerun the job to obtain 'it~ You should. also 
take the time to describe the circumstan~es surrounding the run, 
1. e., "I changed this one' card from when it ran before," et c. 
A complete NASTRAN data deck in .card form should also be s\1bmit­
'ted, because later testing and other reruns may need to be made. 
If plots have been made send copies 'of them. If User Tapes are 
involved, dump them and send the dump. Be sure to give your,name, 
address, phone number and as precise description of the difficulty 
as you can. 

If you take the time to follow these guidelines, NSMO will be able to 
respond to SPRs more quickly and more economically. The processing of 
SPRs can be delayed ~or extended periods when insufficient information is 
submitted to permit prompt identification and correction of the reported 
error. 

12.5 DER SUBMITTAL 

, ~t is also a goal .of NSMO to supply the user with complete and accurate 
documentation to facilitate the application and development of NASTRAN. 
Even though NSMO carefully edits all documentation, errors of commission 
and errors of omission do occur. NSMO recognizes, however, that it is the 
user who ultimately puts the documentation to its most severe test. There­
fore, NSMO welcomes all user reports of documentation errors. Valid errors 
will be reported to other users via the NASTRAN Newsletter. 

A sample DER form is included at the end of this chapter. The user is 
encouraged to submit this form to NSMO along with a copy of the documenta­
tion page with annotations' to indicate the error. If appropriate, also 
provide the specific text which would serve to correct that error. Some 
types of documentation' errors may indicate the presence of' software prob­
lems as well. If this is known, the user should consider submitting a 
supporting SPR following the procedures suggested in Section 12.4. 
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APPLICATION TO RECEIVE NASTRAN NEWSLETTER 

• 
If this applicati?n is not returned within 45 days, your name must be removed from Newsletter 

Mailing list. 

1. Please supply the following mailing list info-rmation, includ.ing ZIP coda. 

Lilst Name: R;>.~!~hl I \ 

Address: IN!s !N.!¢ I ! I I 
~ '" ~, \..1 s -'\ ¢ ~ ;;L 5 3 ~ -I i'J A. S po.. 

L p.. ~ IG.I\. IE '< ~ E. S E to.. Q. c...~ C ~ ~ " cc: R. 

HA tJ.. 1 \=' I, ¢ t-l " A ~ ~ ~ ~ '0 

Prefix: m~\ Initials: _1£t.?l ... 
(Mr., Miss, Dr., etc.) ... }::~::X·:.:::?~?> 

You can help us provide better service to NASTRAN users by su~gJi%11;{h'~yf6110~ing information: 

2. On what computer(s) do you run NASTRAN: 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

0CDC 6400 DIBM 360/50 
QCDC 6500 DIBM 360/65 
U2rCOC ·6600 [JISM 360/75 
o CDC 6700 D ISM 360/85 
DCDC 

Others: ----------~~--------_c~~~~~--­

o Uni vac 1106 
o Uni vac 1108 
D Univac 

Hhat is the maximum amount of main ml3.ciKt;'~?J.i~};/·~an obtain on any machine on which you run 
NAS T RAN ?/:\'r::/Y:::· 

~ ..... 
. Machine: c..t::>c.. <"~OO Max. Main Memory: ~pOOOO 

.. :... (i n bytes or words) 

.::~':':"'" ..... . 
...... :...... ----'/00 80,S 

~.::.:~.~.:.:......... UZ1 n 
'X' uacALC0MP Mode 1 : 

o Benson-Lehner MOdeT": 
c::J Other: --

L~ §..l.E, L ____ ' L __ ._._ 

How many NAS:rAAN)i~~f~:::---are there in your company or organi zati on? 5 .: ........................ : ............ :-:.: .. 
........... ;.: .. ;.: .. : ...................... . 

Pl ease' i ndi ci·t~LY4UF use of the va ri ous NASTRAN ri gi d formats and Di rect Matri x Abs tracti on 
capability by cir.?1ing the appropriate entries below. 

No Need 1 
Not Tri ed 1 
Rare Usage 1 
Occasional Usage ..L.. 
Regular Usage Q) 

2 
CD 
2 
2 
2 

3 
3 
3 

® 

4 5 
4 5 

tbcb 
4 5 

6 
6 

(6) 
6 
6 

<D 
7 
7 
7 
7 

8 9 
®9 
8 9 
8® 
8 9 

10 
@) 
10 
10 
10 

db 
11 
11 
11 

12 
12 
12 
® 
12 

DMAP 
OMAP 
~ 

OMAP 
DMAP 

He would appreciate your comments on the single most important improvement that could be 
made to NASTRAN at this time. ,c...eQ.9'C\,..I:I.-& ... ·\\G C~~p..~~\.."t.~'(· 

Do you wish card image and compilation listings on tape _ or microfilm .lL'? 
Additional Comments: 
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··NASTRAN SOFTWARE ?ROBLEM REPORT (SPR) 

~r\;.!·nization: XYi: ~c/2./5".P/JC.e ·:Z::Nc:,. 
> 

Address: Ii?ifl td.. iU.LU Avr3-
!?ASADeI1lA (!4LZA:;.e.A/~& 

Materials Submitted: 

(~ Output: ~Runs 

(~ Deck 

C) Plots 

('>0 Letter 

()Q Dump 

.(~ 'Traceback 

() Fi x: 

() Progra~ Li~ting 

( ) 

() Other: 
---:&.~~~~~. 

Date: . /O&S b..2. , , 
NSMO Use 

SPR No. 

Priori ty 

Date Rec'd. 

Date Assigned: 

Level: ./:5y:j - CJ 

Avoi~ance (if known): /lJ4KE. £XCi'€' ClAP}) Nl)¥ 

rIAL/IE THE. SAME A;;" ·ViE. .t.e/J~.e i,c 
77J6 J)&J 1l24' £z K . 

Estimate correction effort (if known): ___ . 

Description: @ZLV,ey- ZN e::z..RfElI./\IA~U.c EXTIVJC!.Y:z:¢A/ f3( 'TIJ-£ b'x Y6A.!S 

fll&-rlk/O. ~M~.LE/11 eo/l/5 ~e.--rLt ~N A-L-L- rP= "//11= 

Level Fixed 

Test Problem .' 

Veri.fied by NSMO ..... 
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DER No. ____________ __ 

SPR No. -------------
NASTRAN DOCUMENTATION ERROR REPORT (DER) 

Or i g i,na tor:, _:J)~' ~¢=E;",'f-l ....:E=-.ll)~M~'.4~,e:;;:lJ~....:C=-=.;......._ .,. Date: ' 
7 7 

Organ i za t i on: _X~y'....:,~~'..,c./k=';";#;:;L.....,,5~A-,,~...;...::;;;...:;;;E ____ Phone No.: &?J3) 1ril.3-£56 7 

Manual ·,,:'!\t~"~\\j, . 
1M-¥' &&7£";""'1 ::!:." 

o Theoretical 

User's 

Programmer's 

D Demons t rat i on 

Description of the Error and 

(A copy of the should be attached.) 

Editor MPSL NSMO Change Ed i tor MPSL 
Approva Entry Approval Made Veri f. Entry 

- -- -- - -- -----
, Date Date Date Date Date Date 

- -- --- - -
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APPLICATION TO RECEIVE NASTRAN NEWSLETTER 

If this application is not returned I~ithin 45 days, your name must be removed from Nel'ls1etter 
Mailing list, 

1. Please supply the following mailing list information, including ZIP code, 

Lilst Name: I I j I I I I I I I I I I 
I 

Address: I I I I 
I I I I I J I J 

I I I I 
I I I 

Prefix: r==r I 
(Mr" Miss, Dr., etc,) 

Initials: CD 

You can hel p us provide better servi ce to NASTRAIl users by supplying the following information: 

2, O~ what computer(s) do you run NASTRAN: 

DCDC 6400 
QCDC 0500 
o CDC 6600 
DCDC 6700 
DCDC_ 

o IBI1 360/50. 
DIBM 360/65 
o IBM 360/75 
o IBM 360/85 

o IBM 360/91 
o IBM 360/95 
DIBM 360/195 
o IBM 360/_ 

Others: ____________ . _____ _ 

DIBM 370/145 
o IBI4 370/155 
D IBI1 370/165 
OIBM 370/_ 

o Uni vac 1106 
o Uni vac 1108 
o Univac 

3, What is the max.imum amount of main memory a user can obtain on any machine on which you run 
NASTRMl? 

Machi ne : _________ _ Max, Main Memory: _____ _ 
(in bytes. or words) 

4. Which of the NASTRAN. plotter(s) do you use? 

DNone CI DO 80,B 
. CJ NASTPL T Mode.l: 
DSC 4020 . 
c:JEAI 3500 Model: 

Cl CALC0MP Model: 
o Benson-Lehner Model: 
POther: --

5, What level (s) of NASTRAN do you use? L __ ,'_'_ I L __ '_'_ ' L __ '_'_ 

. How many NASTRAN users are there in your company or organi zati.on? 6, 

.7, Please indicate your use of the various NASTRAN rigid formats and Direct Matrix Abstraction 
~apability by circling the appropriate entries below, 

No Need 1 2 3 4 5 6 7 8 9 10 11 12 Dj-1AP 
Not Wi ed 1 2 3 4 5 6 7 8 9 10 11 12 DMAP 
Rare Usage 1 2 3 4 5 6 7 8 9 10 11 12 DMAP 
Occasional Usage 1 2 3 4 5 6 7 8 9 10 11 12 Di"·jI\P 
Regular Usage 1 2 3 4 5 6 7 8 9 10 11 12 DMAP 

8, We would appreciate your comments on the single most important improvement that could be 
made to NASTRAN at this time, 

9, Do you wi sh card i mage and compi 1 ati on 1 i s ti ngs on tape _ or mi crofilm. _ ? 

10, f,ddi t; ona 1 COIr.Jnents: 
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NAsTRAN SOFTWARE PROBLEM REPORT (SPR) 

Ori gi na tor: ___________________________ __ 

Orga n i za t ion: __ --=-_____ ~----_:__---------

Address: ------------------------------

Phone No.: 

Materials Submitt~d: 

( ) Output: Runs 

( ) Deck 

( ) Plots 

( ) Letter 

( ) DUf!1p 

( ) Traceback 

( ) Fi x: 

r ) . Program Listing 

( ) Link Map Listing 

( )' Other: 

Date: ____________________ __ 

SPR NQ. 
Priority 
Date Rec'd. 

NSMO Use 

Date Assigned: . _____________ _ 

Level: ______________________________ __ 

Computer: ___________________________ _ 

Rigid Format: , 0 Alters? 
(or DMAP) -----

Error Mes s ag~: _______ -'-______________ __ 

Module: _____________________________ _ 

Su brou tine ( s): _______________________ _ 

Avoidance (if known): ____________ _ 

Estimate correction effort (if known): ---

Description: _____________________ ..,..-_______________________________________ __ 

NSMO Use 

Level Fixed 

Test Problem 

Veri fi ed by NSMO ': 
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• .~ : .. i 
,~ . 

. DER N9. 

SPR No. 

NASTRAN DOCUMENTATION ERROR REPORT (DER) .... .-:., 
--------~----------~~~~~~~~~ 

Originator: Date: 
----------------~--

Organization: ______________________________ ~Phorie NO.:~.~ ____ ~------------

Manual 0 Theoretical 

0 User's 
Page 

0 Programmer's Numbers 

0 Demons tril t ion 

Description of the~Error and Correttions 

(A copy of the page(s) in error with marked corrections shoul~be .att~ched.) 

.. ' 

Comments' 

• 

c 

Editor MPSL. NSMO Change .Ed i tor r MPSL 
Approval Entry Approval Made. Veri f; 

., 
Entry 

Date Date Date Date 'Date Date 

U.S. GOVERNMENT PRINTlOO OFFICE: 1975 - 635-050/76 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON. D.C. 20546 

OFFICIAL BUSINESS 

PENALTY FOR PRIVATE USE noo SPECIAL FOURTH-CLASS RATE 

POSTAGE AND FEES PAID 
NATIONAL AERONAUTICS AND 

SPACE ADMINISTRATION 

.'51 
BOOK 

POSTMASTER: If Undeliverable (SectioD 158 
PORtul Manunl) Do Not Return 

'The aeronautical and space activities of the United States shall be 
conducted so as to contribute ... to the expansion of human knowl­

. edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof." 

-NATIONAL AERONAUTICS AND SPACE Acr OF 1958 

NASA SCIENTIFIC AND TECHNICAL 'PUBLICATIONS 
TECHNICAL REPORTS: Scientific and 
technical iriformation considered important, 
complete, and a lasting contribution to existing 
knowledge. 

TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 

-=TECHl~lCAL--=lviE1vfOR"At~:sut"rs:~--- eo,~­

Information receiving limited distribution 
because of prelimin¥y data, security classifica­
tion, or other reasons. Also includes conference 
proceedings with either limited or unlimited 
distribution. 

CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 

TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
"Publications include final reports of major 
projects, monographs, data compilations, 

~-hancfbOOks, sow:cebOOKs~an(r special~ 
bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
applications. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 

Details on the availability 0' these publications may be obtained 'rom: 

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 




